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ORIGINAL ARTICLES. 


PROFESSOR WILLIAM FERREL. 

William Ferrel died Friday, September 18, 1891, at Maywood, 
Kansas. For some years past, datiug from his retirement from 
active service in the Weather Bureau, he had made his home at 
Kansas City, Mo., and at intervals at Martinsburg, W. Va. 
Maywood is twenty miles from Kansas City, and thither Pro- 
fessor Ferrel went in July to escape the heat of the city. He 
was not feeling well then, and he grew rapidly worse until his 
death. A simple burial service was held, and in the presence 
of a few friends his body was laid in the cemetery of the Presby- 
byterian church. He was born in Bedford county, Pennsylva- 
nia, January 29, 1817, and was therefore in his seventy-fifth year. 
In the issue of this JournaL for February, 1888, appeared 
brief sketch of his life and work, with a photogravure of Pro- 
fessor Ferrel as he appeared about 1886, or about the time of 
the completion of his “ Recent Advances in Meteorology.” He 
preserved his youth, and when seventy seemed more active and 
vigorous than many a one twenty years his junior. His mind 
was clear until the iast, and he was perfectly conscious when 
death came. His last words were, “I regret to leave my friends 
but that is all I regret.” 

His was a quiet, unassuming, thoroughly independent charac- 
ter. The honors which came to him in his later years were all 
unsought by him, and during his entire life he never sought 
advancement for himself in position or salary. When he 
reached his seventieth birthday, he put into effect a resolution 
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he had long ago determined upon, to retire from active life and 
leave an opening for younger men, and although then in full 
possession of every faculty, voluntarily withdrew from office- 
holding and resigned his professorship. 

Professor Ferrel was a member of the National Academy of 
Science, of the American Academy of Arts and Sciences, of the 
Washington Philosophical Society, and honorary member of the 
Austrian and German Meteorological Societies and of the Royal 
Meteorological Society of London. He was also recently elected 
to honorary membership in the Kansas City Academy of 
Science. He revised the following list of his scientific 
papers, which appeared in the Kansas City Naturalist for 
December, 1889. His scientific contributions, subsequent to 
this date, I have added. A. M. 


On the Effect of the Sun and Moon upon the Rotary Motion of the 
Earth.—G@ould’s Astron. Jour., 111. 1853. 138-142. 

On Vision.—Nash. Jour. Med. & Sury., VIII, 1855, 22-28, 92-102, 
192-201. 

On the variable Star Algol.—Do., VIII, 277-282. 

An Essay on the Winds and the Currents of the Oeean.— Do., [X, 1855. 
Republished in Professional Paper of the Signal Service, No XII, 18d2. 

On the Gyroscope.—Do., LX, 1856. 

The Problem ot the Tides with regard to Oscillations of the Second 
Kind.— Gould's Astron. Jour., VV. 1856. 173-176. 

Influence of the Earth’s Rotation upon the Relative Motion of Bodies 
near its Surface.—Do., V. 1858, 97. 

The Influence of the Earth’s Rotation upon Rotating Bodies at its 
Surface —Do., V, 113-114 

The Motions of Fluids and Solids Relative to the Earth’s Surface.— 
Cambridge, Mass., Math. Monthly, 1 and II, 1858 and_ 1859, passim. 
Republished in Professional Paper of the Signal Service. No. VIN. with 
notes by Prof. Frank Waldo. Abstract in Amer. Jour. Sci., XX XI, 1861, 
27-51. Republished in /7efessional Paper of the Signal Service, No. 
XII. 

Narrative of the Amer. Exp. to N. W. British America to observe 
the Total Eclipse of the Sun, July 18, 18¢0.—Amer. Jour. Sci. XXXI, 
139-142. 

On the Cause of the Annual Inundation of the Nile-——Do., XXXV, 
1863, 62-64. 

Note on the Influence of the Tides in Causing an Apparent Accelera- 
tion of the Moon’s Mean Motion.—Proc. Amer. Acad. of Arts and 
Sciences, Boston, V1, 1864, 379-883. 

Communication supplementary to the preceding.-—Do , 1865, 390-393. 

On Certain Formule of Interpolation.—Do., V1I, 2-12. 

On an Arnual Varistion in the Daily Mean Level of the Ocean, and 
its Cause.—Do., VIII, 1865, 31-36. 

The Cause of Low Barcmeter in the Polar regions and in the Central 
Parts of Cyclones.—Nature, 1V, 1871. 226-228. Van Nostrand’s Eng. 
Mag., V. 525-527. Republished in Professional Paper of the Signal 
Service, No. X11. 

The Constant Currents in the Air and the Sea—WNature, X1, 186-187. 

Relation Between the Barometric Gradient and the Velocity of the 
Wind.—Amer Jour. Sci., VIII, 1874, 348-344. Washington Phil. Soc. 
Bull., 1. 106-109. 




















Professor William Ferrel. 243 


Beziehung zwischen dem barometrischen Gradienten und die Wind 
geschwindigkeit.— Wien. Zeitschr. Met., X, 254-255. 

New Converging Series, Expressing the Ratio Between the Cireum- 
ference and Diameter of a Circle. —Smithsonian Contributions, No. (2?) 

Di-cussion of the Tides of Boston Harbor.—U.S. Coast Survey Report 
for 1868. Appendix No. 5, 52 pp. 

On the Moon’s Mass as dedluced from a Discussion of the Tides of 
Boston Harbor.—-Do., tor 1870. App. No. 20, 10 pp. 

Report of Meteorological Effects upon Tides from Observations.— 
Do., tor 1871, App. No. 6,7 pp. 

Meteorological Effeets upon the Heights of the Tides.—Amer. Jour. 
Sci., V. 1873, 342-347. Washington Phil. Bull, 1, 53-54. 

Discussion of the Tides in New York Harbor.—U. 8S. Coast Survey 
Report tor 1875, App, No. 12, 194-220. 

Tidal Researches.—Coast Survey, 1867, 4°, 270 pp. 

On a Controverted Point in Laplace’s Theory of the Tides.--Phi/. 
Mug., 1, 1876, 182. 

Meteorological Researches for the use of the Coast Pilot, Part I On 
the Mechanics and the General Motions of the Atmosphere.— Washing- 
ton, 1877, 4°. Also in U. S. Coast Survey Report tor 1875, 369-412. 
Review. Wien. Zitschr. fiir Met. X1V, 1879, 386-390. 

Meteorological Researches for the ure ot the Coast Pilot. Part 11; On 
Cyclones, ‘Tornadoes and Water-spouts.— Washington, 1880,4°. Also 
in U.S. Coast Survey Report for 1878, 176-267. 

Abstract in Amer. Jour. Sci. XXI1, 1881, 33-48. Abstract reprinted 
in Professional Paper of the Siunal Service, No 12, also abstract in 
Naturforscher, X1V, 1881 345-348, and Scientific American. XLVV, 1881, 
304. Keview in Nature, XXV, 155 and 291, also XXV1,9and3l. Wien. 
Zeitschr. Met. XVI11, 161-175. 

Meteorological Researches for the use of the Coast Pilot, Part IIT; On 
Barometric Hypsometry and the Reduction of the Barometer to Sea 
Level — Washington, 4°. Alsoin U.S. Coast and Geodetic Survey Report 
for 1882, App. No. 10, 225-269, 

Wind Pressure.— Van Nostrand’s Eng. Mag., XX VII, 1882, 140. 

Discussion of the tides of the Pacifie Coast.— U.S Coast and Geodetic 
Survey Report tor 1883, App. No. 17, 437-451. 

Report on the Harmonic Analysis of the Tides of Sandy Hook.—Do., 
App. No. 9, 247-282. 

M+xima and Minima Tide Predicting Machine.—Do., App. No. 10, 
253-273. Abstract, Science, 111, 408-410, 

Temperature of the Atmosphere and the Earth’s Surface.—Profes- 
sional Paper of the Signal Service, No. X111, 4°. 69 pp. 

Solar ‘Thermometer.—A mer. Met. Jour., 11, 303-306. 

Arago-Davy Actinometer.— Do., 350-354 and 345-400. 

Results of Solar Radiation Observations in the Neighborhocd of Bir- 
mingham (Eng.); by Rupert T Smith. Reviewed in Do., Il, 563-505. 

‘ a of the Pressure to the Velocity of the Wind.—Do., 1V, 1887, 
73-177. 

Sensitiveness of the Wind-vane.—Do., III, 452-454. 

Note on the Influence of Forests upon Rainfa!l.—Do , V, 433-435. 

Decrease of Temperature with Increase of Altitude.—Do., V1, 145-150. 

Comments on Mr. Searle’s “Atmospheric Economy of Solar Radia- 
tion.”—Do., VI, 177-179. 

Temperature of the Moon.—Science, VI, 1885, 541-542, VII, 32 and 
122-123. 

sea-level and Ocean Currents.—Do., VII, 75-77. V 111, 99-101 and187-189. 

Note on the Wind-Pressure Constant.—Vo , XIII, 171. 

Note on the Kobinson Anemometer Constant.—Do , 204-205. 

Recent Advances in Meteorology.—Report of Chief Signal Officer, 
1885, Part 11, 440 pp. 
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The Law of Thermal Radiation.—Amer. Jour. , XXXVIII, July 
1889. 

Laplace’s Solution of the Tidal Equations.—G@ould’s Astron. Jour., 
1X, 1889, 41-44. 

A Popular Treatise on the Winds.—John Wiley & Sons, New York, 
1890, 504 pp 

Weber’s Law of Thermal Radiation.—A mer. Jour. Feb., 1890. 

Dr. Harris’ Studies on Cyclones and Suen. ience, Dee 19, 
180), 

The Sub-Tropieal Zone of High Barometer Pressure,—Do , Jan. 2, 1891. 

Cyclones and Areas of High Pressure.—Do., Jan. 16, 1891. 

The High-Pressure Area of Nov., 1889, in Central Europe, with 
Remarks on High-Pressure Areas in General.—WNature, XLII1, April, 
181. 


THE MINERAL WATERS OF YPSILANTI, MOUNT CLEMENS 
AND EATON RAPIDS, aie 
By E. N. BRatnerpb, M. D. 





This paper is designed to supplement one published in the 
JOURNAL in August, 1889, under the caption, “The Mineral 
Waters of Gratiot County.” Since that time I have tried to 
get the analyses of all the mineral wells of Michigan. Only 
those of Ypsilanti, Mount Clemens and Eaton Rapids seem 
willing to submit to scientific treatment. This paper and the 
former one constitute a fair presentation of the mineral waters 
of Michigan. 

The Ypsilanti mineral springs furnishes me an analysis of its 
water, as follows, after reducing to the pint for the sake of 


uniformity: 
Grains. 
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Sulphate ot Potassium.. SG his Meas ke Ree aalameenaes eae Lee 
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Hydro-sulphurie Acid total i in 1 volume at 58.1° F.,cubic inches..... 263 
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Sulphide of sodium has no therapeutic value, nor is it 
officinal. 

Magnesium is a mild, antacid laxative. There are three 
salts of magnesium in this water. The first, bromide of mag- 
nesium, is not officinal in the United States pharmacopeeia, and 
is never used in prescriptions. Occurring as a natural product 
in this water, however, it is easy to see how it can exert some 
influence. It will have the peculiar basic properties of the 
magnesium, and the sedative and alterative properties of the 
bromine. The bromides in general have bitter and saline taste, 
and are exceedingly diffusible. If administered in considerable 
quantity they have a marked depressing effect upon the heart, 
respiration and temperature. Blood pressure is greatly reduced, 
as also the sexual desire. They are therefore valuable in 
cerebral congestion, and all diseases arising therefrom. In sick 
headache with flushed face and suffused eyes, they are of 
benefit. The most important therapeutical applications of the 
bromides are in the treatment of cerebral disorders, arising from 
over-action. The bromides acting on the heart slow its move- 
ments, and, on the vaso-motor nerves, diminish the intra-cranial 
blood supply. The most typical representation of this condition 
is seen in the wakefulness from cerebral overwork ( Bartholow. ) 
Tetanus, epilepsy and strychnia poisoning, other examples of 
over-activity, are benefited by the bromides. Infantile convul- 
sions dependent upon the reflexes, as in convulsions from teething 
and from worms, are usually relieved by them. Other vaso- 
motor disturbances, as hot flashes, coldness, numbness, prick- 
ling and other undefinable sensations, so often seen at the 
climacteric, are usually much relieved by liberal doses of the 
bromides. Menorrhagia dependent upon ovarian irritation, is 
nsually promptly arrested by these agents. What is said in this 
paragraph applies especially to the bromides of potassium, 
sodium, lithium aud ammonium; but I can see no reason why 
bromide of magnesium should not have kindred virtues. The 
amount in this water is far too small to be of much value. 

The chloride of magnesium is an agreeable laxative. It is not 
officinal in this form, but is usually given as the carbonate, 
and this with the full knowledge, however, that the carbonate is 
soon converted into the chloride in the stomach. Then, and 
only then, is it laxative. 

The chloride of sodium has, unquestionably, an important 
office in the economy, and it is equally certain that we get 
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enough of it, and sometimes too much, in our food for all 
ordinary purposes. If there was a lack of fluidity of the blood- 
albumen or of the fibrine, sodium chloride in excess of our food- 
allowance would do good. Its deprivation is a great injury. 
In association with the other salts in this water, it adds to the 
common saline property, and doubtless increases its efficiency. 
In small doses salt is a stomachic stimulant, and promotes 
digestion. It is a good appetizer, and therefore aids in building 
up the economy. It’s use in large doses as an emetic and 
cathartic is well known. 

The fluorides have no known value. 

The sulphate of potassium was long ago used as a purgative, 
later, only as a diluent in Dover’s powder; and now, not at all. 
Not that it has no value as a purgative, but that better remedies 
have displaced it. It has been used to some extent in rheuma- 
tism. In this water it is an adjuvant to the other cathartics, 
and increases the general usefulness of the water. 

Sulphate of magnesium (Epsom salt) is a very active saline 
cathartic, and occurs in this water in sufficient quantity to make 
it quite laxative if drunk in large quantities. This salt produces 
catharsis by increasing the intestinal secretions. This process 
relieves a congested portal circulation, and renal, hepatic and 
cardiac dropsy. An inflamed or irritated stomach or bowel will 
often tolerate Epsom salt when it will not tolerte a resinous 
cathartic. In the constipation attending chronic lead poisoning 
it is very valuable. The most efficient treatment of acute dys- 
entery is by the use of sulphate of magnesium. It is very 
valuable in the treatment of congestion of the pelvic viscera of 
women. 

The other substances have no therapeutic value, or else are in 
too small quantities to be appreciable. 

This is a saline water, and in its useful elements resembles 
the Friedricshall bitter water of Germany, and the Seidlitz 
water of Bohemia. It is useful in diseases of the stomach, 
intestines, liver, kidneys, plethora of the pelvic viscera, piles, 
and to a less extent in rheumatism and gout. The sulphur 
contained in this water in the hydrusulphurie acid and the sul- 
phates will make it act favorably upon skin and glandular 
troubles. 


The Mount Clemens Mineral Springs furnishes me the fol- 
lowing analysis of its water: 
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Gr’s pr pint. 
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The chlorides of sodium and magnesia, the sulphate of cal- 
cium and the bromide of magnesium have already been thera- 
peutically considered. Calcium carbonate, silica and alumina 
deserve no notice. 

The chloride of calcium, carbonate of magnesium and car- 
bonate of iron were described in my former paper. I quote from 
that: 

“Calcium chloride is an alterative of no mean value. Recent 
studies of the therapeutical actions of the chloride of calcium 
have shown it to possess the remarkable property of an antago- 
nist or antidote to the strumous constitution. It has been 
shown * * * that under its use enlarged glands and cheesy 
lymphatics gradually resume their normal condition, tuburcular 
deposits undergo a process of calcification, and ulcerating 
cavities discharge their contents and cicatrize. It cannot, of 
course, be asserted that such surprising changes frequently 
occur, but that they do sometimes take place, clinical experience 
has proved. From this point of view, then, chloride of calcium 
assumes a high degree of importance. * * * According to 
the published observations of Begbie, Coghill and Bell, we 
possess no agent so valuable in the wasting diseases of children 
of strumous origin, in glandular enlargements, ete. The testi- 
mony which has lately been published in respect to the curative 
power of chloride of calcium in consumption is certainly very 
striking, and especially to those cases succeeding to glandular 
enlargements heretofore so little amenable to treatment. 
According to Rodolfe, chloride of calcium cures chorea speedily 
(Bartholow).” 

“Carbonate of magnesium is a mild and agreeable laxative 
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for children and pregnant women, provided it enters into com- 
bination with acids in the stomach. Meeting with hydrochloric 
acid it forms magnesium chloride, which isa laxative. Without 
this clinical reaction it is not a laxative. To insure this decom- 
position and recomposition, it is a good plan to follow the medi- 
cine with a glass of lemonade. This will make the citrate of 
magnesium, which is a well-known laxative, and set free car- 
bonic anhydride, which is a sedative and anzsthetic to the gas- 
tric mucous membrane.” 

“Tron promotes both appetite and digestion. Some authori- 
ties claim that its therapeutic value depends almost wholly 
upon its power to promote digestion. It increases the number 
of red corpuscles and the quantity of their hematin. Rheu- 
matism in the anzemic, is benefitted by iron, the tincture of the 
chloride being the best preparation for this affection. The 
carbonate found in the water is converted into the chloride in 
the stomach, but it is not, of course, made into a tincture there. 
Scrofula, strumous enlargement of the cervical, inguinal and 
mesenteric glands, rickets, neuralgia, chorea and disorders of the 
mind depending upon anzemia call for iron.” 

The iodide and bromide of magnesium in this water gives 
to it superior value asan alterative remedy. In diathetic condi- 
tions, such as scrofula, lithiasis, rheumatism, eczema and in 
syphilis, the iodides have no equal. They are extremely diffus- 
ible compounds, having a bitter, saline taste. They are among 
the remedies first thought of for increasing elimination. For 
various catarrhal processes, such as nasal catarrh, catarrh of 
the bile ducts accompanied by jaundice, catarrh of the duode- 
num, they are very efficient. In the treatment of spasmoclic 
asthma and chronic bronchitis they often afford relief when all 
other remedies have been disappointing. There is no better 
remedy to prevent or to remove caseation in pneumonia than 
iodide of ammonia. In pleuritic and other effusions, the tincture 
of iodine painted over the affected part, and some of the iodides 
taken internally give the best of satisfaction. To remove the 
various plastic formations that may occur about the body as a 
result of inflammation or of irritation, iodine and the iodides 
stand prominent. Iodine is of great value in the treatment of 
goitre, and enlarged spleen or liver. In tertiary syphilis, the 
iodides are incomparably the best remedy. In mental disorders, 
epileptiform seizures, paralytic states, ete., dependent upon the 
gummata, nodes, etc., of constitutional syphilis, it often acts 
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like magic. Neuralgia of the fifth nerve is often benefitted by 
the iodide of potash. Chronic rheumatism often yields readily 
to it. In chronic mercurial and lead poisoning, the iodides can 
do what few, if any, other salts can do in rendering these metals 
soluble and removable. 

What has been said in the above paragraph has a fitting 
application to the “ Bitter Water,” a manufactured product from 
these wells, containing four grains of iodide of magnesium to 
the gallon. 

This is a saline water resembling closely the powerfully 
alterative water of Kreutznach, Rhenish Prussia, except that it 
contains only one-sixteenth as much in total solids. It is 
doubtful, however, about the Rhenish waters being more altera- 
tive, for the Mt. Clemens water contains six and one-half times 
as much calcium chloride as the Rhenish water does. It is best 
adapted to the treatment of such strumous conditions as chronic 
enlargement of the lymphatic glands, tuberculosis, scrofula, 
rickets, neuralgia, chorea, and dyspepsia, constipation, hemorr- 
hoids, plethora of the pelvic circulation, chronic bronchial 
catarrh, syphilis, incomplete resolution after croupous pneu- 
monia, and chronic skin diseases. 


The Eaton Rapids Magnetic Mineral Water Sanitarium pub- 
lishes the following analysis of its water: 


Gr’s pr pint. 
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Bicarbonate of Potash.............. ssclacaniespehdnecaauiecoaaioesneaidaaoeiamuanbcaaiel 21 
roo a class ctis Soen ee aN RU REMINDS 11 
PN ND tse cici cise sasvncsaesredseiddinetornnins eracens aeiore sseiaiee 19 
DUUCERN OE FOIE. 55.5. osacisccscscecsesesvssesscasevveceesssassois Sie trace 
Hydro-sulphuric Acid ...........-...ccssccsees nina trace 
CRPRONNS Acid GOK, CUBIS IDOI .x..0.ccccccnescsecveceiss sccceessosvecrnsceses 3.64 


The therapeutic properties of all the substances in this water 
have already been given except those of the bicarbonates of 
magnesium, iron, sodium and potassium, and nitrate of ammo- 
nium. The bicarbonates of magnesium and iron have been 
sufficiently described under the carbonates of the same bases. 

The bicarbonate of soda and potassa are strong alkalies, and 
are in sufficient quantities to produce decided effects. They are 
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both antacid and anti-rheumatic. The soda has a selective 
action upon the liver, and the potash upon the kidneys. 

Nitrate of ammonia is not used in medicine, but probably 
would have some beneficial effect upon catarrhal conditions of 
the trachea, bronchi, and lungs, in common with the other 
ammonia salts. There is only a trace of it in this water, however. 
Laughing-gas is made from this salt. 

The water belongs to the list of alkaline mineral waters, and 
resembles the Ems, of Germany, and the California Seltzer 
Springs. It is useful in the treatment of acid dyspepsia, con- 
stipation, hemorrhoids, all anemic conditions, rheumatism, 
gout, torpor of the liver, and, to some extent, diseases of the 
skin. Those catarrhal conditions of the stomach, characterized 
by a burning, gnawing sensation, will be relieved by the sedative 
action of the carbonic anhydride present in so large quantity. 
It is therefore a useful water for chronic dyspeptic states, 
attended with subacute congestion of the stomach and gastralgia. 

\LMA, MICH., May 5. 1890. 





CLOUD OBSERVATIONS AT SEA * 
REPORT BY PROF. (. ABBE. 


I have the honor to submit the following preliminary report 
relative to the principal features of the work done by me 
during the recent cruise of the Pensacola. 

The decision as to whether I should accompany the expedi- 
tion, and the definitive order to that effect preceded the date of 
sailing by too short an interval to allow of any elaborate pre- 
paration, except the construction of a special form of nepho- 
scope, which was the most important feature in my instrumental 
outfit. The important work that would, as I apprehended, 
probably consume the whole of my energy, consisted in an effort 
to determine the relative speed and direction of movement of 
the various strata of air from the ocean surface up to the highest 
limit observable by means of clouds or balloons. In connection 
with this work, I provided the outfit of balloons and nepho- 
scopes, while the Signal Office provided the thermometers and 
barometers needed for the determination of the pressure, 
temperature and moisture of the air, and the anemometers for 
determining the motion of the wind at the earth’s surface. 











* Printed by consent of Professor D. P. Todd, Director of the United States Expe- 
dition to West Africa. 
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The expedition is peculiarly indebted to Captain Yates for 
allowing the use of a method devised by Lieutenant Nichols, 
the navigation officer of the vessel, for establishing an anemom- 
eter at the mast head, and such an anemometer was actually 
maintained at or rather above the mizzen-truck as far as prac- 
ticable during the whole voyage, it being lowered for the purpose 
of reading daily at 8 a. M.and 5 p.m. It must be confessed 
that this was not a very graceful addition to the rigging, but it 
served to emphasize in the minds of all who saw it the fact that 
the distinguishing feature of this cruise of the Pensacola con- 
sisted in the effort to determine the velocity of the wind at an 
elevation hitherto untried at sea. The expedition is further- 
more greatly indebted to Captain Yates and the cadets and en- 
signs who maintained hourly readings of two other anemome- 
ters established on the port and starboard ends of the after- 
bridge, at a height of about thirty feet above the water; nor 
should I omit to mention the four faithful quarter-masters, who, 
especially «hen in port, have borne the brunt of the work of 
readiag anemcemeters and water temperatures. In short, in 
eve’y way Captain Yates has enforced the principle that what- 
ever could be done to assist in the inquiries that [ had in mind 
should be done by himself and the officers under his command. 
As a conspicuous illustration of this, I note his order allowing 
the speed of the vessel to be altered, when under steam, when- 
ever I desired to determine the altitude of the clouds by special 
observations of their apparent velocity. This privilege was 
one that I, however, was very careful not to abuse, and man- 
aged whenever possible to attain my results by some other 
method. 

I should mention at the outset that the work with small 
balloons was carried on sufficiently to demonstrate the practic- 
ability of this method of getting the actual velocity of the wind; 
but by the advice of the maker of the balloons I had omitted 
taking with me the varnish ordinarily used, as being probably 
unnecessary and possibly dangerous to manipulate on ship- 
board. The result was that I found it would become necessary 
to use more balloons than originally contemplated, and to save 
this waste I reserved the supply for use on the return voyage, 
hoping to obtain the varnish either at Loanda or at Cape Town. 
Meanwhile, however, my carboy of sulphuric acid was found to 
be giving so much anxiety that I was not willing to give the 
executive officer any further trouble in regard to it, and reluc- 
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tantly gave permission to throw it overboard at Cape Ledo. 
Notwithstanding this temporary disappointment, I deem it a 
decided gain to have been able to make enough observations to 
convince me that the method of determining the velocity of the 
wind by small balloons is accurate and practicable both on sea 
and on land, and but little if at all more expensive than the use 
of self-recording anemometers. 

2. The mirror nephoscope used by me rested on the Ritchie 
liquid compass (U.S. Navy Standard), which was established 
on the after-bridge, and which compass I was free to use at all 
times. My presence there was undoubtedly frequently an in- 
convenience to the officer on the deck, but it seemed to be the 
only place at which the observations could be made, and I have 
been often deeply impressed with the patience and forbearance 
of naval officers, who could but regard such a devoted observer 
of the clouds as an incongruity on board a man-of-war. 
Although free in its gimballs, yet the compass is by no means 
exactly horizontal, so that more numerous observations must be 
made at sea than on land, if the same resulting accuracy is 
desired. A more serious trouble arose from the arrangement of 
the clothes-lines on the Pensacola, but I was able to maintain 
daily observations, and I can but consider that the opportunity 
thus afforded me has been entirely unique in the history of 
meteorology, and, unless I am greatly mistaken in my know- 
ledge of the literature of the subject, it will be found that the 
results attained will forma valuable basis for further study. 
My observations have, in fact, led to some change in my own 
views as to the general circulation of the atmosphere, and every 
form of fluid motion has been found by me to be visibly illus- 
trated in the cloud structure. 

54. Ihave attempted a simple and rational classification of 
clouds based, not on shapes and appearances, but primarily on 
their modes of formation. 

4, A method of using the nephoscope has been elaborated for 
the determination of actual heights and velocities of clouds (or 
balloons) by combining observations made when the observer 
is moving successively in two different directions, or with two 
different velocities; the instrument can be used in a wagon, or 
sar, or boat. I eall this “the kinematic* method,” as dis- 
tinguished from ordinary parallax methods. The fundamental 


*The term “aberration” was used by me at first, but is evidently inappro- 
priate.—C. A 
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formula and idea was first given in my “ Treatise on the Use of 
Meteorological Apparatus” in the report of the Chief Signal 
Officer for 1887; this method seems to have been tried since 
then by Finneman, at Stockholm, with considerable success, 
and the present voyage has given me so great confidence in it 
that I consider it an excellent method for a single observer, 
whether on sea or on land. Its accuracy depends essentially on 
the accuracy with which one can determine the actual velocity 
of his own motion. 

5. My work shows that the observed movements of the clouds 
and the wind have such a relation to the presence of « storm 
centre, an island or any other disturbance, that one should be 
able to locate the position of such a disturbance by observations 
made at one locality, but the value of my work to meteorology 
will be enhanced if I am able to collect together reports from 
adjoining parts of the ocean, especially shall I thus be able to 
determine the angles of inflow and outflow for three or four 
successive strata of air, and in this connection I deem it im- 
portant that every effort should be made to compile at least one 
chart daily of the pressure, temperature, winds and weather 
over the North aud South Atlantic Oceans and the adjoining 
continents during the period included by our voyage. With 
this in view, I have secured the meteorological records, or have 
arranged to have copies sent me at every port where we have 
touched. I have compared the barometers at Cape Town, Bar- 
badoes and Fayal with my own standard; the Negretti and 
Zambra Standard barometer, in the rooms of the Commercial 
Chambers at Barbadoes, is an instrument of remarkable perfec- 
tion, and should be used as the standard by every vessel that 
can have access to it. I gave the observer at that point some 
special instructions in the method of reading it, and a copy of 
his record will be sent to me. I was also so fortunate as to 
secure at Cape Town a series of manuscript daily weather maps 
for all the regions covered by the South African weather tele- 
graphic system. These maps are due to the energy and interest 
of Mr. A. G. Howard, of Cape Town, and [I consider that their 
publication will be of value not only to meteorology, but to 
every navigator who rounds the Cape of Agulhas. 

6. We were favored with a remarkeble exhibition of water- 
spouts after we crossed the Gulf Stream on our outward voyage, 
a fuller account of which is given in Bulletin No. 5 of the 
Expedition. 
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7. At Fayal, at the summit of Pico, I first observed the forma- 
tion of a cloud, with which I afterwards became familiar in 
other similar localities, and which must be well known in moun- 
tainous countries, although not often clearly described; this is 
a slender white stream which is sometimes likened to a table- 
cloth or to a soft hood. It has nothing of the boiling vertical 
motion characteristic of the cumulus; nothing of the curling 
and rolling motions characteristic of the scud cloud. It is a 
smooth stream of soft appearance of very gentle curvature, and 
illustrates an elementary form of fluid motion. It is the 
simplest cloud that can be formed by the slow, steady rise and 
fall of undulating streams of air. As seen at Fayal, this cloud 
marked the lowest limit at which the densest cirrus could form 
in an atmosphere having the temperature and moisture then 
prevailing. When a mountain obstructs the lower wind it 
forms a scud-cumulus or cumulus whose ascending currents 
are due to obstructed wind rather than to internal heat. ‘These 
cumuli themselves obstruct the wind prevailing at their own 
higher levels. The latter is therefore pushed up, but it rises 
slowly and smoothly; it is a case of “steady motion,” without 
forming discontinuous eddies; and thus forms the smooth 
white hood or arched crescent cloud; the hood will form on the 
peak itself if the air below the summit is calm, so that seud- 
cumuli do not form by the reason of horizontal winds, or if the 
lower air be dry, or cold and dense, so that the eumuli will not 
form by reason of heat. In such cases the summit of the peak 
can itself be considered as a smal) obstacle to the gentle current 
at its level. When large cumuli form in open regions, their 
summits then become, like the mountain, comparatively small 
obstacles to the upper current, and, under these circumstances, 
beautiful hoods form in the warm, moist air ascending on the 
sunny sides of the cumuli. For the formation of these it is 
simply necessary that the upward deflection of the disturbed 
horizontal motion of the upper current shall be so gentle as not 
to introduce sudden curves and eddies; even without the forma- 
tion of a visible cumulus there may be a large invisible mass of 
rising air not yet cooled to saturation, and in such a case the 
crescent hood may even be seen to form in mid-air, and the 
cumulus may subsequently become visible. At Green Moun- 
tain, on the Island of Ascension, the heavy southeast trade 
strikes an abrupt surface and is thrown up to a great height 
whence it descends, and, like a standing wave in the river, flows 
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off many miles to leeward. Several times I was able to observe 
the crescent cloud forming in mid-air in a clear blue sky for a 
short space only, and evidently at the very summit of the first 
of these standing waves. At the Table Mountain, at Cape 
Town, the so-called “ tablecloth” was, at least during our visit, 
a mass of rolling scud-cumuli, but above these there were occa- 
sionally to be seen beautiful small crescent hoods. 

8. At Porto Grande the observation of the numerous forms of 
cirrus clouds showed their local origin and their rapid changes 
depending on the currents.of air pushed up from below. 

9. At Freetown, Sierra Leone, the study of two arched squalls 
showed, as I expected, that they and the African tornado, and 
the afternoon thunderstorms of the eastern coast of the United 
States are the same in nature and laws, differing only in degree. 

10. At Elmina, the study of the Harmattan wind, through 
which we had been passing for several days, was combined with 
notes made by a good observer on shore, showing unmistakably 
that this is a mass of dry and therefore dense air flowing from 
the interior of Northern Africa at this season; it brings with it 
the fine white ashes due to iunumerable local bush fires in the 
interior, commonly called “ dust from the desert,” and the whole 
phenomenon is analogous to the flow of dry, cold air from 
Canada, southeastward over the United States, making our so- 
called “ northwesters.’ The Bora, oi Russia, and the Pampero, 
of South America, have a similar physical origin. Regular 
observations of the Harmattan are promised me from Elmina, 
as also copies of the meteorological records kept by the Colonial 
Surgeons. 

11. At Cape Ledo I found the finest imaginable opportunity 
to study the formation of the overflow from the summit of the 
cumulus clouds, and its gradual transformation into slowly dis- 
solving stratus; this stratus overflow so closely simulates the 
cirro-cumulus clouds that it would be called “cirro-cumulus” 
in the Howard nomenclature, but I shall uniformly designate it 
as dissolving stratus or cumulus overflow whenever I am able to 
trace it back to its origin. It was a daily phenomenon at Cape 
Ledo to observe the large cumuli ascend bodily, lose their flat 
bottoms, become pear or balloon-shaped, and then spread out 
into fields of most beautiful spots, vortices, striae, curds and 
other forms; the “ mackerel sky” did not occur at this time. 
The motion of the lower cumuli was, with the lower southwest 
winds, but the overflow into the stratus and cirrus in the after- 
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noons moved from the east out westward over the sea. But if 
these clouds endured over night, as they usually did, then in the 
morning they were found to have descended and to be moving 
from the west towards the land, while below them the cool, 
easterly land breeze existed for a few hours, with a slight scud 
or cloud-rip on its upper surface. Evidently the very highest 
observable so-called cirrus clouds in this region belong to this 
local horizontal circulation between the sea and the land, and 
whose range seemed rarely ta exceed a distance of fifty miles 
east or west of the coast line. 

12. At Loanda, the phenomena of Cape Ledo were repeated, 
but were much obscured by the greater masses of clouds, due to 
slightly greater dampness of the air. <A railroad ride to a point 
fifty or sixty miles in the interior served to show the great dry- 
ness of the interior air, and the scarcity of cumuli and local 
rains at that season of the year. There are several meteor- 
ological stations in Angola, access’to whose records was kindly 
allowed me so that I may be able to obtain additional meteoro- 
logical notes for our daily charts. Having the promise of 
regular observations of clouds to be made at these stations, I 
presented to the Royal Meteorological Observatory at St. Paul 
de Loanda a nephoscope similar to my own. 

13. At Cape Town we experienced an unusually heavy south- 
easter. There had also been a remarkably destructive north- 
westerly storm in the previous July. I made detailed maps 
illustrating the southeaster, and obtained from Mr. A. G. 
Howard his own maps illustrating the storm of July, all based 
on the data of the Meteorological Commission for South Africa. 
These maps were made the basis of an address to the South 
African Philosophical Society, on the practicability of storm 
warnings, and | think it may safely be anticipated that within 
a few years there will be such a system in active operation at 
all the ports on the South African coast. The publication of 
these maps, together with those previously alluded to, also com- 
piled by Mr. Howard, will, I apprehend, be also very instructive 
to naval officers and to captains of American whalers and other 
vessels navigating South African coasts. The clouds and winds 
were daily observed by me both on the Pensacola at her dock, 
and at the Royal Observatory. I had occasion to provide for 
the observation of deep earth temperatures within the tunnel of 
the new aqueduct on the Table Mountain. Through the kind- 
ness of the Secretary of the Meteorological Commission, Mr. 
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Frye, I was able to secure the use of the original wind records 
at three stations on the coast, from which I shall be able to 
deduce the diurnal period avd other results. Four rain gauges 
are maintained by the Commission on ‘the higher points of 
Table Mountain. I visited each of these. The accumulated 
catch of each gauge is recorded monthly, and has been so for 
many years past. I explained the recent progress in our ideas 
of the measurement of rain, and have some hope that additional 
gauges will be established at this interesting locality. The 
remarkable development of rare and beautiful flowers over the 
whole of Table Mountain is of course possible only by virtue of 
the damp atmosphere and the steady drip of fog particles from 
leaves and rocks quite as much as by virtue of the rainfall as 
ordinarily measured. A copy of my nephoscope was presented 
to Mr. Howard from whose hands I doubt not good observations 
may be expected. 

14. At St. Helena my attention was attracted first of all te 
the matter of rainfall. A previous study of the subject had con- 
vinced me that the local temperature of air over the land could 
have little or nothing to do with the rainfall in a small isolated 
tropical island; that the extraction of the moisture as rain from 
the air must be done in cumuli that are formed by the 
impinging of the trade wind upon the island as an obstacle in 
its progress, and not to cumuli carried up by heat from an over- 
heated land surface, that therefore the rainfall on St. Helena 
was a direct indication of the average wind striking against the 
island, since the moisture is so uniform. I consider the St. 
Helena rainfall as the best index to the average movement of 
the air, and as depending therefore, like the movement of the 
air, on the meteorological conditions over a large surface of the 
ocean. Similar considerations apply to other islands such as 
Ascension and Barbadoes, at both of which I have therefore 
made the rainfall a matter of special solicitude. The greater 
part of my work at St. Helena consisted in a systematic effort 
to visit all important parts of the island with two objects in 
view: first, the determination of the altitudes by the barom- 
eter, in order to complete a hypsometric map that would be use- 
ful both to Mr. Preston in connection with his determination of 
the force of gravity and to myself in my proposed study of rain- 
fall; secondly, the personal visitation of old rainfall stations and 
the securing of new rainfall observers. I have collected all 


rainfall records as far as known, and am promised by twelve or 
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fifteen observers their future records. I have expressed to Acting 
Governor Antrobus the necessity of establishing an anemograph 
at the Prosperous Bay Signal Station, and an effort will be made 
by him to secure a permanent meteorological observatory for 
the island. 

At St. Helena my attention was attracted by the rollers as 
being an unsolved problem in ocean meteorology, and I made 
arrangements for future observations to be kept by Mr. Bruce, 
rather more fully than heretofore. My work was unfortunately 
interrupted during the last few days of my stay at St. Helena 
by an accident. 

15. At the Island of Ascension I was so fortunate as to be 
allowed to occupy the signal station at the summit of Cross Hill, 
a steep conical hill of volcanic cinder, rising up to 870 feet above 
the sea level, immediately overlooking the garrison and the 
landing place on the leeward side of the island, as well as the low 
land of the interior of the island to windward, with Green Moun- 
tain bearing east southeast about three miles distant. Here I 
observed not only the motions and phenomena of clouds above 
me, but also observed their shadows on the ground and sea 
beneath me, so that I was able to determine the heights and 
linear velocities by the simplest mathematical methods. I also 
maintained here an hourly record during my two weeks stay of 
the temperature, moisture and wind, for which latter purpose I 
set up an anemometer, I have urged upon the authorities of 
the Admiralty that a permanent meteorological station should 
be established here also. Certainly there are few, if any, spots 
in the world where the phenomena of the trade winds with their 
annual and their irregular changes can be more successfully 
observed. I have certainly never before occupied a position so 
favorable to all manner of studies of the clouds, winds, twilight 
phenomena and the rollers, nor could many places be found 
where these particular phenomena are more highly developed. 
My observations of the twilight and of the rose-glow fully con- 
firm and broaden the results of my work in 1885 at Washington, 
showing that this rose-glow is a diffraction phenomenon origi- 
nating in a layer of very fine particles of aqueous vapor below 
the layer that produces our blue sky light; the dark rose arch 
opposite to the sun, the so-called anti-crepuscular arc, rises as 
the sun sets, and immediately after it passes the zenith the pale 
rose-glow begins in the west; when the western glow disappears 
the eastern glow re-appears higher up and much fainter. 
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After the western glow has twice disappeared and reappeared 
it finally subsides and leaves a pyramidal mass of hazy white 
light in the west which takes the slender form and delicate 
white tint of the zodiacal light as the sun sinks deeper below 
the horizon. The location and dimensions of the zodiacal light 
as seen at Ascension exactly correspond to that of a layer of 
high haze illuminated by the diffused white light of a twilight 
that exists still further to the westward. Its fore-shortening by 
perspective produces the tapering conical form. This recogni- 
tion of the zodiacal light as an atmospheric phenomenon had 
long been in my mind and it was in hopes of obtaining decisive 
data that I compiled the instructions for observers which were 
published before we sailed from New York. I have not had 
time as yet to hear from any observers but hope that some may 
have been successful. This light was observed by me whenever 
practicable during the entire voyage, and the only feature that 
is apparently at variance with my idea of its purely terrestrial 
origin consists in the fact of its slight inclination to the ecliptic. 
On this matter my colleague, Prof. F. H. Bigelow, has made 
some studies and offers an electrical and solar explanation that 
may turn out to be nearer the truth than my own. 

16. With regard to the “Rollers,” I would say that previous 
studies at St. Helena had led me to think that undoubtedly the 
heavy surf which constituted its prominent characteristic as 
described by all previous observers must be due to distant 
winds, not necessarily storms, and that as an earthquake wave 
can traverse the whole of an ocean in a day, so the heavy swell 
attending a hurricane or a “norther” could easily pass to Ascen- 
sion and St. Helena from the most distant parts of the North 
Atlantic Ocean. I had therefore already begun to compare the 
published records of rollers with the records of storms in the 
North and South Atlantic when I arrived at Ascension and 
began my meteorological work on the summit of Cross Hill. 

Within a week the single and finally the “double roller flag” 
was displayed at the garrison landing, and I found myself look- 
ing down upon the phenomenon that so long had been a mys- 
tery. The first glance showed that we had wholly mistaken the 
character of the phenomenon, and on subsequent inquiry I 
found that probably no observer of intelligence had ever 
undertaken the slight hardship of a solitary residence on Cross 
Hill for the purpose of studying the rollers. Otherwise it 
would be inconceivable that some one should not ere this have 
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recognized a feature that certainly never could be seen from the 
deck of a vessel or from a lower station, namely that the rollers 
are essentially the deflection around to the leeward side of what 
would be merely a heavy swell on the windward side of the 
island, and the double rollers are simply the interference of the 
two sets of rollers coming around the island by the right hand 
and by the left hand. A swell such as would be caused in the 
open sea by a trade wind of force four, blowing for two days 
over a limited part of the ocean will, on reaching the windward 
side of Ascension, or St. Helena, produce a phenomenon on the 
leeward side precisely such as any one can produce by studying 
the interference of waves in shoaling spots in a small tub of 
water. The angle at which the rollers interfere to produce 
double rollers at the garrison landing is about 135°, and as you 
proceed further from the island to leeward the angle diminishes. 
When we sailed away from the island I was able to determine 
the angle as being ahout forty degrees at about fifteen miles 
distance. Now, that we understand the true nature of the roller, 
it remains only to explain why it is that there are such irregu- 
larities both geographical and chronological in the intensities 
of the trade wind, and pending such explanation I must con- 
sider the record of the rollers, as a valued record of the times 
when such irregularities have occurred. It will be at once a 
matter of surprise that rollers, in their severity are peculiar to 
Ascension and St. Helena for other islands might be expected to 
show similar phenomena. But the fact is that the severity of 
the rollers depends first on the shape of the island; second, on 
its size; third, on the location and character of the shoals which 
surround it, all taken in connection with the length and height 
of the original swell, so that we could not expect many islands to 
possess the necessary combination of peculiarities, and in fact 
I have thus far learned of only one other island, namely, St. 
Paul de Noronha, where the roller phenomena is conspicuous. 
At the Island of Barbadoes I particularly observed an appreci- 
able swell curl around to the leeward side of the island from 
both its northern and southern extremity, and was told that 
occasionally these (which might be so-called single rollers) 
would be troublesome, but the island is so shaped that before 
these rollers interfere and conspire together they have dwindled 
away into an unimportant swell. 

17. Our second approach to and passage through the Dol- 
drum, in April, 1890, served to give me the clue to a satisfactory 
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solution of the question as to how it is that the northeast and 
southeast trades interact at the equator, namely whether they 
pile up over the doldrums and flow back as massive currents, 
according to the ancient theory, or whether they inter-penetrate 
each other according to Maury, or whether they revolve around 
each other in horizontal curves slipping past each other to the 
north and south, or whether they meet and conspire together in 
a powerful upper easterly wind, as Abercrombie maintains. 
This question is now readily settled by recognizing that the 
important general features of the circulation in the lower 
atmosphere are as follows: 

As the trades approach the doldrums from either side there 
is a continual diurnal uprising and return flow taking place, so 
that the returning upper anti-trades are being perpetually sup- 
plied by new air, and derive scarcely any of their material from 
the central region of the doldrum itself. Each successive 
ascending mass diminishes the inertia of the matter in the lower 
trade wind by necessitating the descent of a little air from the 
anti-trade, so that the inertia of the lower trade, considered as a 
whole,is all used up by the opposition of these descending masses 
some time before it can reach the doldrums. ‘This causes the broad 
irregular calm space near the equator to have no horizontal 
motion, and only a diurnal vertical interchange. The motion of 
this doldrum region horizontally in any direction depends upon 
the balance of pressure in the great areas of moving air around 
it, and can, I believe, be deduced from a study of anemometer 
records from a few such island stations as Ascension and St. 
Paul de Noronha. A vertical section of the trades would show 
them to be wedge-shaped, being shallower at the high latitudes, 
while the overlying anti-trades are deeper at high latitudes. 
In the doldrums, as high up as clouds are formed, the prevailing 
characteristic of the circulation is a vertical one, repeated 
diurnally for months and years, without any systematic inter- 
change of air to the north or south. 

The following illustrations as prepared in August, 1891, differs 
somewhat from the ruder sketch of May, 1890, but represents 
the same idea, 7. e., that a section of the atmosphere from St. 
Helena to Barbadoes would show periodical daily uprisings 
and therefore, cumulus clouds in the lower trade-wind layer 
which cumuli become overflowing return trade stratus and 
cirro stratus when their tops are raised high enough by the 
direct action of the solar heat. The vertical circulation in- 
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creases and the horizontal circulation diminishes in the dol- 
drum; the horizontal movement is a maximum at high lati- 
tudes; the bases of the cumuli are lower and their tops higher 
in the low latitudes. If there be any general cast wind in the 
upper regions at the doldrum it is above the clouds, and there- 
fore not observable. 

The accompanying sketch, No. 1, shows the northeast trade at 
A, the southeast at B, the doldrum at D between them. 
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Tsobar, lsotherm, Winds for January ac- 
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Sketch 2 shows a.vertical section from north to south,-north- 
east and southeast trades blowing horizontally, but occupying 
greater vertical depth, as they approach the doldrum; the cur- 
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rents ascend higher but the return flow is less and less important, 
so that at the equator the vertical motion is the principal 
feature. Doubtless a little surplus of air flows back to high 
latitudes from the very center of the doldrum cloud, but it is a 
small amount and may flow either way to the north or south with 
every variation in the distribution of density, precisely as in 
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many overflows from cumuli. The anti-trade overflow rises up 
and flows back from any and every portion of the trade below 
it, so that but little is left for it to do when it reaches the dol- 
drum. The altitude needed for the return is lower at the cool 
high latitudes. What goes on above the anti-trade and above 
the doldrums is not shown by the cloud motion, for no aqueous 
clouds can be formed or continue to exist above this anti-trade. 
All phenomena in that region must be made known to us by 
the injection of foreign matter, such as balloons, voleanic dust 
or vapor, and meteoric debris. 

18. Among the interesting phenomena: of Ascension is the 
cloud known as the Ascension cloud. Those who view this from 
the sea level describe it as a column of cloud always to leeward, 
ascending from the sea in the twilight or late afternoon hours, 
but my observations on Cross Hill show that this column of 
cloud is essentially only the western and dissipating end of a 
train of clouds which, starting from Green Mountain, prolonged 
itself indefinitely to leeward. I many times determined the 
height, size, distance apart and motion of successive clouds in 
this train. They constitute a perfect picture in the air of the 
standing wave or ripple that is seen on the surface of any stream 
in connection with the rocks just below the surface. On leaving 
Ascension, we sailed continuously under this train of clouds for 
fifty miles or more, until it lost its identity in the mass of clouds 
all about it. It undoubtedly offers us one of the grandest 
exemplifications of the mathematical laws of the flow of gases. 

19. On approaching the Island of Barbadoes, and after a 
fruitless search for several days previous for cirrus clouds, 
in the clear blue above the so-called trade cloud, they were 
at last perceived in the direction of the island, and continuous 
observations from that time on showed that a narrow band 
of elegant cirri extended for fifty miles up to the island, where 
it stopped. Subsequent observations at that place showed 
that it is possible to distinguish the true cirrus cloud from the 
overflow of the cumulus cloud which frequently presents close 
imitations. The true cirrus forms and dissolves wholly within 
a high layer of air that is deflected from its horizontal move- 
ment, and thrown into waves, streams and eddies by the action 
on it of the lower air. The crescent hood already described, 
is the lowest and densest of the true cirri. The warm ascending 
air from the surface of the Island of Barbadoes gives rise to 
numerous ascending masses, that flow off with the easterly 
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trade wind to great distancés as cumulous overflows at the level 
of the stratus-cloud. Above these, the upper air flowing from 
the west, and rising over this stratus as an obstacle, forms an 
endless variety of cirrus clouds, which are distributed through 
a vertical depth of between eight and twelve thousand feet, 
within which layer these clouds show no appreciable difference 
in the velocity of horizontal movement. This independent 
stratum for cirrus formation had been perceived at Cape Town 
and Ascension, but was best revealed at Barbadoes. 

20. At the Barbadoes I was able to secure a large amount of 
manuscript meteorological data, and was delighted to find that 
the magnificent system of rainfall stations developed by the 
Governor, Sir Rawson Rawson, was still maintained by the 
government, and although the number of stations had fallen 
from two hundred and fifty to eighty, yet the system still 
remains one of the best in the world. 

21. On approaching New York, the overflow accompanying 
the lowest scud stratus was observed, thereby completing the 
series of cloud forms that I have recorded. 

My record of work closes with the Queen’s birthday, May 24, 
1890. 

THE ACTION OF ALTITUDE CLIMATES ON DISEASES OF 
THE CHEST. * 


By Dr. LEUDET OF EAUX-—BONNE. 


Climatic treatment of diseases of the chest is not a new thing. 
It has been the custom for many years to direct those who have 
delicate lungs and bronchi to live in the open air under deter- 
mined conditions and to breathe the outdoor air for the greater 
part of the day. The study of mountain climate, the question 
of altitudes and their action, preventive or curative, upon the 
development, course and recovery of diseases of the respiratory 
tract, especially phthisis pulmonalis, is of comparatively recent 
date. I will not undertake here to analyze the numerous docu- 
ments which meteorologists, physiologists and physicians have 
written upon this subject. These contributions are of very une- 
qual value, and are often based on meagre observations, but in 
the midst of theoretical arguments, vague and contradictory, 
there are facts well established and determined which I will 


*Translated by W. J. Herdman, M. D. 
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take care to point out. I wish to add that my attempt will be 
neither learned nor critical but assumes to give only a general 
impression. In presenting it, I have appealed to experience and 
observation; I have had in mind the patient only, a patient such 
as I have long been familiar with whose wants are as diverse as 
his sufferings are many. As to the published statistics and suc- 
cesses I confess I have given but little attention to them. 
Figures in medicine have but a relative value. It is far bet- 
ter to weigh the facts than to count them. This question of 
the climate of altitudes and its action in diseases of the chest 
is very broad and complex. As to its breadth, it touches all 
branches of the science of medicine: physiology, pathology, ther- 
apeutics and hygiene; it embraces diseases of the respiratory 
passages, the heart and the great blood-vessels. To consider it 
properly would require a book, and such a book could be written 
only by a skilled clinician combining with a most sagacious and 
extensive observation of disease, the most exact meteorological 
and climatological knowledge. Need I say that I have not pre- 
sumed to enter upon any such task? I only study here and 
pretend to study only the conditions to which the phthisical 
and bronchitic are subjected who live in these high places. 
I do not undertake the solution of any problem. I propound 
simply these questions and discuss them, I do not solve them. 

Therefore, in order that I may not wander, but arrive if pos- 
sible to sound and practical conclusions, I will start out from a 
principle recognized and admitted by all—that neither the bron- 
chitic nor the phthisical ought to live a confined life, both ought 
to respire freely the pure and living outdoor air. If the air is 
the pabulum vitae for healthy man, far more is it for the feeble. 
The best climate a priori will be that in which the medical day 
(journée medicale) is the longest. That‘is why I place my 
patients in a warm climate during winter, in a temperate climate 
during summer. It is the common practice—no one does other- 
wise; it has given, it does give good results daily; we hold to it 
and I believe we do well. Does it follow that warmth is the 
chief factor to consider in choosing a climate? Have we not in 
the atmosphere of certain resorts special qualities other than 
warmth? Is there not in their topography peculiar conditions 
which give to the climate of these resorts an influence and an 
action which are not found elsewhere? If so, what is this 
influence? What is this action? Before estimating and enum- 
erating the qualities characteristic of altitude climate we ought 
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to define the climate, to say at what height it commences; to 
differentiate it, if possible, from mountain climate; to show the 
varieties it presents according to the latitude and elevation 
above sea-level. 

We cannot enter very fully into this subject interesting 
though it be. It is incontestable that an altitude of from 6,000 
to 9,000 feet should differ in its physiological and pathological 
effects from a lower altitude—from 3,000 to 5,000 feet for exam- 
ple. It is no less certain that a height of 3,600 to 4,500 feet in 
Switzerland or the Pyrenees has an effect entirely different 
upon man, sick or well, than does the same elevation in another 
latitude, as upon one of the slopes of the Andes or of the Hima- 
layas. But what are we seeking? The solution of, or at least 
light upon the therapeutics of a clinical problem—and how 
this problem in reality presents itself. Therefore we need not 
consider among altitude climates those of the high plateaux of 
Mexico and India. It is not there we send our patients. We 
send them to Switzerland, and it is in the sanatoria established 
there that we cause them to live, that we wish them to live during 
the winter, and it is the action of these sanatoria, their influence 
good or bad, which interests us and which we ought to know. 
Altitude climate and mountain climate will then be synonymous 
for us, and it is for us to inspect with this view, particularly, 
the winter resorts of Switzerland. Let us consider the distine- 
tive characters of these resorts. 

In altitude climates there is what is called a medical day. 
The patient is able at Davos or at St. Moritz, as well as at 
Cannes and at Menton, to walk about each day during a certain 
number of hours, but it is not the duration of this walk in the 
open air which gives character, so to speak, to a mountain climate. 
That is determined by other qualities, by special advantages; 
the rarity of the air on one hand, its purity, its dryness and its 
invariability upon the other, are the chief factors in the benefi- 
cial action exercised upon the phthisical by the sanatoria of 
elevated plateaux. Let us examine briefly from the point of 
view of physiology and clinical effects the conditions surround- 
ing the inhabitant of elevated places due to the atmosphere in 
the midst of which he lives. In the first place, the rarity of 
the air. It is the first and most important factor of mountain 
climate. The oxygen is rarified, its tension is less. What is 
the result of this upon man, either well or sick? A veritable 
respiratory diet which desanguinates the former, while it calms 
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and strengthens the latter. Noone has given more attention 
than M. Jourdanet to this anemia of high places, this disoxy- 
genation of the blood, this anoxhemia, as it is called, which is 
due to the diminished density of the air, and which affects not 
only the respiratory functions, but also the circulation and the 
nervous system. No one has shown better than he that this 
anoxhemia of elevations, which is really a chlorosis, is antagon- 
istic to pulmonary phthisis, and that which favors one opposes 
the other. Chlorosis and phthisis are antagonizing diseases, 
which neutralize each other, one being cured by the other. If 
the consumptive is consumed without measure, let us abate the 
activity of his organic combustion and check it by chlorotic 
anemia by which the nutritive changes are retarded. Doing this 
we correct it and furnish arms for the strife. In this case 
what furnishes the arms? The altitude climate, the rari- 
fied air of the highlands. And by what means? By diminish- 
ing the amount of oxygen iv the blood by which he is consumed 
and by arresting the organic waste which is destroying him. 
This is the theory. Is it true or is it false? I will not dis- 
cuss it. Is it applicable to all altitude resorts? Ido not believe 
it, but for my part whether true or false, whether the result is 
rightly or wrongly attributed to it, does not in the least reflect 
upon this as a real and genuine medical idea, the idea of antag- 
onism in pathology and in therapeutics. At this time, and 
notwithstanding the promises of the laboratory, the question of 
soil, that is to say, of the organism, always preponderates in the 
therapeutical and hygienic affections of the chest, and of pul- 
monary phthisis in particular. In order to cure a phthisical 
patient, the surest means is to create in him a general and local 
state physiologically or pathologically contrary to the life of the 
virus ferment, which has seized upon and is developing in the 
structure of his tissues. Do we not see every day cases of lung 
diseases ifproving in vitality and growing stronger under the 
influence of change of climate, by a turn of fortune breaking 
away and escaping from pathological servitude. The specific 
microbe is always there, the bacilliary nidus is not destroyed, 
but the lesion is removed. It seems that the disease is destroyed, 
or at least arrested. However. ephemeral these recoveries or 
arrests may be, they signify something. They create a new 
state in the organism. They prove that there is an influence, 
however insignificant it may be regarded (and if we so judge it, 
it may be that it is because we are unable to comprehend or to 
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appreciate its value) that is capable of giving to the phthisical 
a relative and momentary respite. To hinder the parasite in 
its growth, to impair its function, to create about it a medium 
which retards or checks its development, appears to me to be 
possible and medical. As to testing this directly, it might be 
attempted. Physiological experiment is, in fact a duty, and has 
given us the right to expect success from it, but these successes 
which we are always seeking have for the most part resulted 
only in illusions and failures. In all the attempts made up 
to the present time to discover a pulmonary parasiticide, genu- 
ine and efficacious, none has succeeded. The clinic has not kept 
pace with the facts of the laboratory. How, then, can one 
be preserved from a microbe which is omnipresent, which is 
everywhere? The immunity of latitudes is referred to in con- 
nection with germ pathology. It is said and repeated of the 
plateaux of the Andes. or of Switzerland that the phthisical are 
never seen there, that the bacillus tuberculosis is unknown there. 
Does it follow from this that phthisis cannot be developed in 
those regions? Does the absence of a disease imply that its 
entrance into that locality is an impossibility. Is it necessary to 
cite facts to the contrary? Islands and mountains which have 
not known contagious maladies have been ruthlessly and bru- 
tally decimated. In the name of the same microbic doctrine, 
have we not the right to affirm that the most healthful resorts, 
the inhabitants of which are exempt from all tubercular affec- 
tions, may be infected. The bacillus of Koch which is not to-day 
in the air which we respire may be there to-morrow. It is suf- 
ficient that the patient bring it, sow it and disseminate it. 

The immunity which a country affords is not found, as is seen, 
either in the soil or in the air. It is due only to the absence 
of a pathological virus. When that appears the immunity 
ceases. But let us not search for an atmosphere deprived of 
microbes. It is seeking a chimera, but let us choose a climate 
which arms the impoverished organism for the strife, which 
recuperates and fortifies it, which modifies its fluids and its tis- 
sues, which changes its conditions of morbid receptivity, which 
creates in it a culture medium in which microbes and bacilli are 
not able to live. This brings me to the local factors of moun- 
tain climate and to their physiological and pathogenetic action 
in diseases of the chest. Apart from the rarity of the air, of 
which I am going to speak which is, and which remains the 
specific condition of altitudes, I do not see anything charac- 
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teristic in the qualities of the atmosphere of mountains. Pur- 
ity of the air, its dryness, its constancy, its clearness, and its 
freshness, which are spoken of as attributes of a high plateau 
are found elsewhere, on the seaboard, in valleys as well as in 
the mountains. They are the common qualities of which the 
hygienic and therapeutic value is as imperfectly defined as it is 
difficult to appreciate. If the air is dry and bracing in the 
mountains of Switzerland it is at the same latitude moist and 
heavy in the Pyrenees. A cloudy sky, foggy and cool, can have 
upon the bronchitic and consumptive as beneficial an action as 
a clear atmosphere, light and cool. Nothing is more variable, 
nothing more inconstant than the meteorology of the mountain. 
Nothing is less absolute than the medical indications provided 
from thermometric and hydrometric means. All the factors of a 
climate are fixed immutably upon the instruments which regis- 
ter them, but the patient does not submit himself to the exter- 
ior influences like an instrument of precision. A phthisical 
person, indifferent to-day to a slight elevation of temperature or 
an intense solar radiation, will to-morrow be unpleasantly 
affected by the same agents and the reaction which he will man- 
ifest, instead of being salutary will be hurtful. Is there any 
patient more protean than a consumptive? Shall we make the 
tuberculous who has fever and the one who has not dwell in the 
same place? Should the consumptive who takes cold whenever 
he is exposed to the air be put side by side with the one who 
never takes cold whatever exposure he undergoes and whatever 
his lesions? A feverish consumptive is irritable, extremely sen- 
sitive, not only to variations of the atmosphere, but to a too 
prolonged dryness of the air, to its constant clearness. For him 
all irritation is dangerous, every inflammation unfortunate. 
Shall we associate in the same sanatorium tuberculous patients 
having pulmonary lesions, with scrofulous patient having gan- 
glion enlargements? The latter, under the influence of the sharp 
cold air of Alpine heights, receives a stimulus which reanimates 
his circulation, arouses his nervous system, and prevents caseous 
formation, which threatens his lung with disorganization. The 
former ought to seek a locality in which the sedative and sooth- 
ing action allays his irritability, moderates his febrile reaction, 
quiets the acuteness of his bronchial phlegmasia, puts it at rest 
and favors its recovery. I have for a long time insisted that 
there are several forms of pulmonary phthisis, that there are 
periods of exacerbation and quiescence which in the treatment 
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of the disease alone determine the indications, prophylactic or 
curative. But it is sufficient for me from a practical point of 
view (the only one which I am considering) to define two main 
divisions of phthisis, the irritable, the congestive and heammoa- 
giac on one side; the mucous, the catarrhal and the suppurative 
on the other. Now, whatis demanded of altitude resorts during 
the winter season? Certain conditions of temperature and cer- 
tain qualities of air. But these conditions and these qualities 
as I have already said, exist in localities far separated. Outside 
of the rarity of the air, which is the characteristic factor of the 
atmosphere of elevated plateaux, and the action of which from 
a clinical point of view is yet to be determined, I do not see 
anything which pertains particularly to the mountain. The 
physiological and therapeutical effects, which we attribute to 
elevations, we are able to secure upon the plain. May not the 
influence, good or bad, which the bronchitic and the consump- 
tive obtain by a sojourn at an elevated resort, be found in 
Provence, or at the seaboard, as well as in the mountain resorts 
of Switzerland? What is the conclusion? If the mountain, the 
plain, and the seaboard act upon the phthisical patient in a like 
favorable or unfavorable manner, if the mountain succeeds as 
the seaside, if the seaside fails as the mountain, the merit or 
fault can only be attributed to the patient himself. The con- 
sumptive is a variable person. That which is beneficial to-day 
is hurtful to-morrow. The most diverse medicines, the most 
opposite in action, do him good in their turn. We have only to 
cite in support of this statement the variety of weapons which 
our therapeutic arsenal offers us by which we can come to the 
aid of our patient. 

But it is here especially, in the presence of this grand thera- 
peutic agent which we call climate, that the choice is difficult and 
the decision weighty in consequences. Yes, the cold and pierc- 
ing air of the plateau of the Engadine, the clearness of the 
sky and the intensity of the solar rays are well calculated to 
restore the organism and favor the activity of the respiratory 
function, but it is necessary that the consumptive be able to live 
in this air, and to live in a certain manner. It is necessary that 
his strength permit him to take his walks and to engage in daily 
exereises which stimulate his blood and enrich his nutrition. 
At this price, a winter residence in Switzerland is for him a ver- 
itable means of combat which prevents or checks his disease. 
But this method, applicable to the initial periods of phthisis, 
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not in all forms, but such as are slow and inactive, will be hurt- 
ful to the majority of confirmed tuberculous patients who are 
too feverish and too irritable to benefit much by an exciting 
climate, and one subject to hygienic perturbations. Such 
persons have need of climatic conditions entirely different. 
A policy of aggression must give way to one of protection. I 
have said sufficient to show the uncertainty and complexity of 
the question which I study. The action of altitude climates is 
a hygienic and therapeutic problem, which can be solved only 
by the clinic. That has not yet spoken. Let us await its decree. 
Until then let us hold our opinion in reserve. 

Let us bid defiance to custom and example and meditate upon 
the words of Hirtz, the eminent clinician, the lamented profes- 
sor of our school at Strasbourg; words written in 1874, but as 
true to-day as then: 

* As to the residence of patients upon mountain heights in 
winter our opinion at present is not very positive. This extreme 
practice is evidently a reaction from the abuse of the opposite 
practice which never found a climate warm enough, nor a win- 
ter mild enough, nor a temperature equable enough to shelter 
the invalid. This reaction if it should become a custom will 
conduce to disasterous results and will abridge, in more than 
one instance, by an intercurrent pleuro-pneumonia, a life which 
otherwise would be prolonged. 

But, conducted with good sense, and in the light of physio- 
logical pathology, and directed by exact clinical observation it 
will admit of precise indications for the choice of those who 
would be encouraged by such attempts.’’—(Journal de Thera- 
peutique, June 25th, 1874). 

Here I should close. What can I add after so profound and 
correct a judgment has been pronounced? I ought, how- 
ever, to embrace in some precise and condensed propositions 
the thoughts that have been presented. 

Ist. Altitude climates have, upon affections of the chest an 
incontestible action, all powerful as a preventive, relative or of 
no account as a curative; 

2d. When the disease is infectious or virulent they mod- 
ify the soil but do not affect the seed, they do destroy the 
Sterment; 

3. The immunity they furnish in presence of pathogenic 
germs is neither real nor absolute; it is accidental and con- 
tingent. 
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4th. Their verifying and tonic action seems dependent upon 
multiple conditions of which some, as freshness and purity of 
the air, its transparency and its immobility, have an incontest- 
able importance and only one of which, rarefaction of the air, is 
really specific. 

5th. Those persons possessing sensitive bronchi and lungs—— ‘ 
those threatened with and predisposed to consumption derive a 
decided benefit from a prolonged sojourn on high plateaux upon 
the sole condition of the tissue not being irritable and having 
been methodically brought to live under the conditions of moun- 
tain climate. 

6th. The confirmed tuberculous ought to pass the winter with 
advantage in the Swiss sanatoria, provided they do not suffer 
from congestion or hemoptysis, and provided they are strong 
enough to engage each day in such gymnastic exercises as a 
stimulating and quickening air demands. 





CORRESPONDENCE. 
RAIN FORMATION. 


To tHe Epirors:—In the August number of this JouRNAL 
there is a short letter from Mr. Velschow, under the above cap- 
tion, which seems to put some of my experiments in a different 
light from that advanced by myself. I beg your indulgence in 
giving me a few lines to explain my position. I am very certain 
that no one at all acquainted with my views will think for a 
moment that I have ever maintained that a drop of rain could 
he squeezed out of air by atmospheric pressure, in fact, our 
highest pressures are almost always accompanied by the 
clearest skies. Experiments on condensation were undertaken 
by me in 1888. I have never seen any account of experiments 
except by Mr. Espy; so mine were independent with that 
exception. It is universally recognized, I believe, that experi- 
ments made to establish or controvert certain views cannot be 
taken out of their logical connection, and be made to do duty 
for an entirely different purpose. 

It is well known that, according to the orthodox view, when 
air expands into a vacuum little or no cooling is produced, 
because no work is performed except that of forcing apart the 
particles of air. To my mind the upward rush of air in a storm, 
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as maintained by many, is not so very different from the rush of 
air intoa partial vacuum. If a great column of air, five hundred 
miles in diameter, is rising at a certain velocity, 1 cannot see 
that any large amount of work need be done in separating the 
air particles. It seems to me my experiment proves the same 
thing. 1 may say that in some subsequent experiments I did 
succeed, by making the expansion almost instantaneous, in 
getting water drops to fall through the air. I have no doubt 
that there was incipient condensation in the first experiments, 
but the drops were too small to be seen. The diminished 
relative humidity, or rather the increase in the difference 
between the wet and dry bulb thermometers, may have been 
due to the gradual settlement of the moisture to the bottom, or 
to a slight circulation of the air in the jar, which would cause 
the wet bulb to read a little lower. Whatever may have been 
the true explanation, it is absolutely certain that none of these 
experiments can be quoted as supporting the idea that condensa- 
tion or water drops can be produced by compression in the open 
air through atmospheric movements. 


H. A. Hazen. 


August 15, 1891 


AUTHENTICITY OF THE LAKE GERVAIS TORNADO. 

To THE Eprrors:—As the article which you published last 
January on the photograph of the Lake Gervais tornado seems 
to have attracted considerable attention. your readers may be 
interested in some further investigation of the subject. At the 
time I wrote the letter which you quoted I had conversed with 
Mr. Koester and examined one of the duplicate negatives, but 
press of work prevented a more extended investigation. 

In May, Professor H. A. Hazen, of the United States Signal 
Service, wrote me, expressing doubt of the authenticity of the 
picture, and his belief that to see a well-defined tornado-funnel, 
such as that represented, one must be within one thousand feet 
of it, though of course a confused storm or dust cloud might 
be seen at a much greater distance. Acting on Professor Ha- 
zen’s suggestion I gave the matter as thorough an investigation 
as possible. 

By placing myself in line with near and distant objects coin 
ciding in the plane of the photograph, I found the spot from 


which it was taken, and carefully located it upon a large map of 
18 
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St. Paul. An object appearing in the picture just beneath the 
foot of the funnel was also located on the map, and it was 
found that a straight line through these points passed also 
through Lake Gervais. If the photograph was taken as claimed, 
it must have been at very nearly the instant of the destruction 
of the Schurmaier and Goode cottages. If the picture of St. 
Paul was not taken at the time of the tornado, probably the line 
of direction was carefully studied by the photographer. 

From the same point I took for comparison a photograph of 
the same portion of the city, but no additional facts of import- 
ance were obtained. Mr. Lyons, the observer at St.Paul, called 
my attention to the fact that the lights and shadows of the 
alleged tornado picture indicated that the principal illumination 
came from the southeast, as if it had been taken on a moderately 
bright forenoon, and if the picture is fraudulent it was undoubt- 
edly taken at such a time. The appearance is more pronounced 
in the photograph than in its reproduction in the Journal, 
and proves at once the falsity of the picture, unless it is possible 
that owing to rifts in the clouds the strongest light might come 
from the southeast. This is very improbable, but I will leave 
it for your readers to pronounce impossible. 

The point at which the funnel terminates affords a strong 
argument against the authenticity of the photograph. On 
examining one of the lighter prints I noticed that the funnel 
apparently extended a little below the horizon, the place where 
the funnel and ground overlapped being a little darker than 
either alone; so that, according to the picture, the tornado must 
have touched the ground between the horizon and the photo- 
grapher. ‘The herizon line appears distinctly through the 
funnel. I did not notice this feature in the print which I first 
examined, nor in the duplicate negative shown me. When 
taking the photograph above referred to, I noticed that the 
farthest object visible in the direction of Lake Gervais was a 
forest, and on quite high ground. Later, on visiting the scene 
of the disaster and examining the ground between there and St. 
Paul, I found a high tree-crowned ridge a mile or more to the 
south of the lake. I had no leveling instrument, but it did not 
seem that any higher, or so high ground was visible to the 
north, and that therefore these were the trees which I saw from 
West St. Paul. I consider this pretty nearly conclusive evidence 
that the photograph was made of two separate parts combined 
for the purpose of deception, and accidentally over-lapping. 
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How they could be combined I will not venture to decide: 
most easily, I should think, by making a print of two negatives 
suitably “marked,” one of the city, the other of the clouds and 
funnel, and then photographing this print. A little retouching 
would help to conceal the line of junction. This line, if it 
exists, extends along the base of the lower cloud, and down 
either side of the funnel; and along the greater part of it, in the 
lighter prints, the stippled or retouched appearance is visible. 

The disappearance of the original negative is a decidedly 
suspicious cirumstance, for in that the retouching would be 
plainly visible on the surface; but not so in the duplicate nega- 
tives. It is only just to the photographer, however, to say that 
had he intended deceit one of the duplicate negatives could 
easily have been passed off for the original. 

In the lower left corner of the picture are three men, evidently 
watching the photographer. They appear less distinctly in the 
reproduction in the JouRNAL. Could they have been ignorant 
of the tornado in progress in the north, and if not, would not 
that have had the greater interest? 

Mr. Lyons suggested to me that the picture of the funnel is 
so regular and symmetrical as to throw some doubt upon its 
truthfulness. It is probably such an ideal funnel as exists in 
the popular mind. Prof. Claypole, of Akron, Ohio, who wit- 
nessed the phenomenon from St. Paul, drew for me a diagram 
of the funnel-shaped cloud as he saw it, representing it as an 
inverted triangle, with nearly straight sides, and a very broad 
base at the top, and a broadly flattened apex resting upon the 
horizon. He says that the clouds in the sky were very like 
those represented in the photograph. Another witness drew 
for Mr. Lyons a similar diagram, except that one side of the 
cloud was very indistinctly outlined. 

As to the visibility of the funnel, more or less definite in 
form, from St. Paul, many testify to the fact, as was shown in 
the JourRNAL for January. 

Attempts have been made to discredit the photograph by 
quoting the testimony of witnesses who disagree with Mr. 
Koester as to the time the tornado occurred. The accounts are 
at variance; perhaps not more than could be expected under the 
circumstances. The most reliable testimony is that of the pas- 
sengers on the train which left White Bear at 4:55 for St. 
Paul. White Bear is four miles north and three east of Lake 
Gervais. When the train was approaching Gladstone, about a 
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mile east, and the same south of the lake, the tornado was seen 
about a quarter of a mile distant, moving rapidly towards the 
train. This sufficiently corroborates Mr. Koester’s statement 
that the photograph was taken about 5 Pp. m. 

By measuring the dimensions of certain objects shown in the 
picture, and by means of a map comparing their distance from 
the point where the photograph was taken with the distance of 
Lake Gervais, I roughly determined the height of the funnel as 
represented to be about 1,750 feet from the horizon to the base 
of the cloud. 

As I stated in my former letter to the editor, the picture of 
the clouds is pyndoubtedly genuine photographic work, as also 
the picture of the city. The only question is whether both were 
originally taken on the same plate on July 13, 1890, or were 
taken separately, at different times, perhaps at different places, 
and then combined. In the latter case, the funnel must have 
been made from the distant sky of the cloud-negative, and the 
sky on either side of it from the sky in the picture of the city. 
But when, except at the time of the storm, could so perfect a 
cloud-negative have been obtained? 

It seems a little remarkable that so sharply-defined and so 
well-centered a photograph could be obtained without focus- 
ing the image upon the ground-glass. Without doing this, 
it would require the utmost familiarity with the instrument to 
so accurately adjust it. Mr. Koester explains that the ground- 
glass frame was drawn back until nearly even with the end of 
the bed—a point easily found if once ascertained to bethe right 
one. As to the weather, he states that it began to sprinkle 
slightly when the picture was taken, and that heavy rain fol- 
lowed soon afterward. , 

While the direction in which the funnel appears and the 
asserted time of taking the photograph support the claim of 
authenticity, the other cirumstances seem to discredit it: the 
lights and shadows, the termination of the funnel, the disap- 
pearance of the original negative, the apparently retouched 
line of junction, and perhaps also the three men in the corner 
of the picture. It seems a safe as well as sufficiently charitable 
conclusion that while the photograph may possibly be as 
authentic as claimed, the evidence is so damaging as to make it 
utterly untrustworthy. 

I was shown a copy of the photograph taken by Mr. Hogle 
from the balcony of the Hotel Clinton, and conversed with 
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persons who saw it taken. It was undoubtedly photographed at 
the time and place stated, but I consider it worthless for scien- 
tific purposes, as it bears strong evidences of alteration by 
hand. There is no trace of a funnel extending towards the 
ground—merely a confused whirl in the clouds. But this is 
overlaid with encircling coarse white lines, looking as though 
they had subsequently been added to the negative. One or two 
flashes of lightning appear, but I suspect they also were added, 
for they are of the conventional zig-zag type of the lightning 
seen in advertising cuts and not of the sinuous form character- 
istic of lightning flashes. It is a pity that in photographing 
natural phenomena people cannot “let well enough alone” after 
securing the negative. An inferior, very inaccurate cut of this. 
photograph is published in Harper's Weekly for July 26, 1890. 
A. L. CoLTon. 


WASHINGTON, D. C., Sept. 2. 1891. 





CURRENT NOTES. 


Dr. Maurits SNELLEN has been appointed chief director of 
the Royal Meteorological Institute of the Netherlands, successor 
to Dr. Buys Ballot. His address is Utrecht. 

CANADIAN METEOROLOGICAL SERVICE.—-The annual report of 
this service for 1887 has recently reached us. It is an octavo 
pamphlet of 329 pages, devoted almost entirely to the abstracts 
and summaries required by the International plan—though 
there are many deviations in detail from this plan. It is 
accompanied by fine rainfall charts for Ontario, four for the 
four quarters and one for the year. 





ANOTHER THERMOMETER CoORRECTION.—In a reprint from 
Volume XIV of the Repertorium fiir Meteorologie we find a 
discussion by Dr. Leyst of the effect of the thread of mercury 
in the tube of the thermometer on the reading of the same. It 
is evidently of interest in that form of maximum thermometer 
where, by contraetion of the tube upon the bulb a long thread 
of mercury is left from the time of maximum until the time of 
reading. Dr. Leyst finds that a correction should be applied in 
such cases; it may amount to a tenth of a degree or more. In 
the case of psychrometers, the wet-bulb tube has, at the time 
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of observation, a different temperature from the bulb. Dr. 
Leyst finds that the resulting correction can be neglected in 
higher latitudes and moist climates. Elsewhere it needs atten- 
tion, and it must always be considered in special investigations. 

ATMOSPHERIC ELrEorriciry. — Meteorological observatories 
are generally ill adapted, by reason of dust and smoke, for 
observations on atmospheric electricity; and, with the view of 
inciting private individuals to such work, Herren Elster and 
Geitel, of Wolfenbittel, have lately issued a brochure, in which 
they indicate the ends to be sought and the instrumental means. 
Three things demand attention: First, systematic observation 
and measurement of electricity in the open air at different times 
in the day, humidity and air temperature being determined at 
the same time; second, measurement of the fall of potential with 
a clear sky; and third, measurement of the fall of potential and 
its change of sigh during rain, etc. The instruments and 
methods recommended are such as present little difficulty for 
private persons. —Electrical Engineer. 

Nores.—Consul Newell reports that in Nicaragua for the last 
eight or ten years, rains have been less copious than usual and 
much loss has resulted. As a consequence attention has been 
directed to the boring of artesian wells with happy results. Two 
towns are now supplied with drinking water from this source, 
and the enterprise has proved very successful commercially. 

—Investigation relative to the “frost lines” of Michigan is now 
being carried on by the state weather service, and in the pre- 
liminary study it is found that they are as distinctly marked 
in this state as are the temperate lines or the distribution of 
rainfall. The central portion of the state is much more lia- 
ble to late frosts in the spring and early frosts in the fall, 
than are the counties on the east or west borders of the state. 
These lines are well marked, and with further time to justify 
the data now in hand, it is thought that there will be no doubt 
of the fact that these may be laid down, and frost predictions 
made with considerable reliability for sections of the state, 
and not a general prediction for the entire state as now made. 

—The interest in artesian wells in South Dakota seems to be at 
fever heat, and, so far as we can learn, the good results obtained 
seem to be the effect of private enterprise. The issue of the 
Dakota Farmer for May 1, 1891, is devoted to the “ greatest 
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artesian basin in the world.” Numerous flowing wells have been 
obtained near the James river and there are some scattered over 
the territory between the James and Missouri. In several 
counties there are also large numbers of low pressure wells. 
The region of flowing wells is estimated to be at least 400 miles 
long and 100 broad. One well is used to irrigate 400 acres, 
another 320. 

TORRENTIAL Rains 1n Marcn.— Precipitation to equal or ex- 
ceed 1.00 in one hour was reported at one station in Tennessee, on 
the 6th; and at one station in Mississippi, on the 8th. Remark- 
ably heavy rainfall in one hour was not reported for March, 1891, 
and excessive rainfall for five and ten minute periods is given 
in the table of “Maximum rainfall in one hour or less.” 

In the last 21 years precipitation to equal or exceed 1.00 
in one hour in March has been reported for seven years in 
Texas; for six years in Tennessee; for five years in Florida; 
for three years in North Carolina; for two years in Georgia 
and Louisiana; and for one year in Alabama, Arkansas, 
Msisissippi New York, Pennsylvania, aud Virginia. Among 
the heavier rainfalls reported for this period are: 0.30 in 
five minutes at Saint Louis, Mo., 27th, 1890, 0.25 in five 
minutes, at Jupiter, Fla., 23d, 1890; 0.60 in ten minutes, at 
Saint Louis, Mo., 27th, 1890; 1.08 in fifteen minutes, at Knox- 
ville, Tenn., 12th, 1878; 2.00 in fifteen minutes (estimated ), at 
Greenville, Tenn., 27th, 1885; 1.75 in twenty minutes, at Howe, 
Tex., 21st, 1890; 4.10 in thirty minutes, at Biscayne, Fla., 28th, 
1874; and 4.00 in one hour, at Terrell, Tex., 19th, 1876. 
Monthly Weather Review, March, 1891. 

REVIEW oF Auaust.—The most important storm of the month 
was the hurricane that devastated the island of Martinique the 
evening of the 18th, causing the loss of 378 lives and destroying 
property to the estimated value of $10,000,000. The storm 
seems to have been of comparatively small diameter, and it 
probably originated southeast of the island, which it passed 
directly over, on a west-northwest track toward Santo Domingo. 
Brief telegraphic reports from the West Indies and Bermuda 
indicate that it recurved over the eastern Bahamas, and thence 
moved northeast, close to Bermuda, where, at noon of the 27th, 
the wind blew with hurricane force from N NW, and the bar- 
ometer fell to 29.44. Additional information, both from vessels 
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and the land stations, will be awaited with great interest, and it 
is desired to collect as complete data as possible regarding this 
destructive storm. 

The weather over the North Atlantic has been very unsettled, 
and, although few storms of noteworthy severity have been 
reported, cloudy and rainy weather has prevailed very generally, 
especially off the Atlantic Coast of the United States and over 
the British Isles. 

The chart indicates graphically the tracks of the various 
storms that have occurred, and of these the principal ones (in 
addition to the Martinique hurricane, referred to above), are as 
follows: 

During the last two days of July a storm formed north of 
Bermuda and moved along a northerly track toward Sable 
Island and the Gulf of St. Lawrence, reaching the coast of Lab- 
orador on Aug. 1. It was experienced with great severity south- 
west of Sable Island, where one report gives a corrected baro- 
metric pressure as low as 29.17, and a wind force of 12 ( Beau- 
fort scale), from NW. The influence of the storm was felt for 
several days off the Banks. 

This was succeeded on the 3d by another storm that seems to 
have originated as a secondary, about lat. 41° N., long. 55° W., 
whence it moved along a north-northeast track, disappearing 
from the field of observation on the 5th, unaccompanied, appar- 
ently, by pressures below 29.34, nor force of wind higher than 7, 
Beaufort scale. 

The storm central over the North Sea on the 3d and 4th moved 
along a southeasterly track over Scotland on the 2d, recurving 
over the North Sea and moving northeastward toward the Baltic 
on the 5th. Pressure at center, about 29.50, with moderate to 
fresh gales over the British Isles and North Sea. 

The storm that was west of Ireland on the 17th and 18th was 
accompanied by moderate to whole westerly gales and pressures 
as low as 29.23. It recurved sharply to the northward. 

This storm was followed by a secondary that was central on 
the 19th in lat. 50° N., long., 31° W., and that moved eastward 
over southern England into the North Sea, and thence .north- 
ward. Pressure at center on the 21st, 29.15, with strong west- 
erly gales in the English channel. 

Considerable fog has been reported within the area indicated. 

No ice has been reported off the Banks since Aug. 2d.—Pub- 
lications of the Hydrographic Office. 
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FarapDay’s OBSERVATION of WIND-wavEs.—On Wednesday, 
June 17, at the Royal Institution, Lord Rayligh delivered the 
oration at the Faraday Centenary exercises. Near the close of 
his remarks, as an example of Faraday’s remarkably acute 
observational powers, Lord Rayleigh instanced the following, 
which, so far as he knew, had never been noticed, but which 
is recorded in Faraday’s “ Acoustical Papers.” 

“Tf during a strong steady wind, a smooth flat sandy shore 
with enough water on it, either from the receding tide or from 
the shingle above to cover it thoroughly, but not to form waves, 
be observed in a place which is not broken by pits or stones, 
stationary undulations will be seen over the whole of the wet 
surface. * * * These are not waves of the ordinary kind, they 
are (and this is the remarkable point) accurately parallel to the 
course of the wind.”—From Nature, June 25, 1891. A. M. 

RESPIRATORY DISEASES AND COLD WEATHER.—At the meeting 
of the State Board of Health at Lansing, July 14, 1891, Dr. 
Baker who, as the committee on climate and health, had pre- 
viously reported facts proving extremely close relations of epi- 
demic influenza and pneumonia to cold winds, and atmospheric 
ozone in Michigan, presented the results of an investigation, by 
a fellow of the Royal Meteorological Society, showing that in 
England the great epidemic which culminated, in the week 
ending January 17, in more than double the ordinary deaths 
from diseases of the respiratory organs, came during what the 
English scientist calls “The Great Frost of 1890-1891.” Con- 
cerning this the writer in question says, “so far as the southern 
portion of England is concerned, there does not seem during the 
last century to have been any such prolonged period of frost as 
that of 1890-1891.” That is, the meteorological conditions have 
been as exceptional as have the sickness and deaths from respir- 
atory diseases. Dr. Baker thought that there could be no doubt 
that we now have the facts proving what are controlling factors 
in the causation of these diseases. 

XESULT OF OBSERVATIONS ON THE SONNBLICK.—Dr. Hann has 
recently presented a paper to the Vienna Academy in which he 
gives the results of four years’ observations of pressures and 
temperatures on the Sonnblick—having in view their bearing 
on the theory of cyclones and anti-cyclones. He finds that the 
non-periodic variations of pressure are more marked on the 
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peak than below, while the variations of temperature are less 
pronounced. The height in the air-column considered is the 
difference between the altitude of Ischl and the top of Sonn- 
blick—-2,640 meters, or 8,661 feet. Anti-cylonic weather on the 
peak is the warmest weather of winter. The extreme cold 
occurs when the Sonnblick is on the eastern edge of a“ High” 
and at the same time a “Low” lies south of the Alps. The 
deviations of the temperature from the normal was obtained 
for winter, from the observations from fourteen stations at 
various heights, and interpolated for each 500 meters. In the 
following table, the results are distributed for different cases of 
distribution of pressure over Central Europe. The degrees are 
Centigrade. 














Altitude tn Higher Pressure to _ ans 
Metres. W | N | E s Maximum] Minimum 
500 1s | —5°0 | -4°3 | — 3°99 - 8°.6 - 2°.2 
1000 4.9 | —7.4 | —2.4 2.9 3.8 - 5.0 
1500 8.1 | —9.7 | —2.1 — 3.1 —1.2 — 7.8 
2000 —11.3 | —12.1 | 3.3 | 4.6 — 0.9 —10.6 
2500 —14.4 14.5 - 6.0 — 7.2 — 2.7 —13.5 
3000 | —17.6 | —16.8 | —10.3 | —11.1 6.7 16 .2 


These results Dr. Hann considers accordant with his views 
recently published, and disaccordant with the view that cyclones 
and anti-cyclones are of thermic origin. 

The winds at the peak deviate to the right (when looking into 
the wind) by from 45° to 90° from the directions at the surface 
below. This has been foreshadowed from cloud observations. 


Royat METEOROLOGICAL Society.—The concluding meeting 
of this Society for the present session was held on Wednesday 
evening, the 17th instant, at the Institution of Civil Engineers, 
25 Great George Street, Westminister; Mr. Baldwin Latham, 
M. Inst. C. E., President, in the chair. 

Mr. J. J. Colman, M. P., Mr. E. B. Duhoff-Gordon, B. A., 
Mr. G. E. Leon, Mr T. de C. Meade, Assoc. M. Inst. C. E., and 
Mr. F. Russell, F. R. G. S., were elected Fellows of the Society. 

Mr. A. J. Hands, F. R. Met. Soc., gave an account of a curious 
case of damage by lightning to a church at Needwood, Stafford- 
shire, on April 5th, 1891. The church was provided with a 
lightning conductor, but Mr. Hands thinks that when the light- 
ning struck the conductor, a spark passed from it to some metal 
which was close to it, and so caused damage to the building. 
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Mr. W. Ellis, F. R. A. S., read a paper “On the Mean Tem- 
perature of the Air at the Royal Observatory, Greenwich, as 
deduced from the photographic records for the forty years from 
1849 to 1888,” and also gave some account of the way in which, 
at different times, Greenwich mean temperatures have been 
formed. 

Mr. Ellis also read a paper “On the Comparison of Thermo- 
metrical Observations made in a Stevenson Screen, with corres- 
ponding observations made on the revolving stand at the Royal 
Observatory, Greenwich.” From this it appears that the maxi- 
mum temperature in the Stevenson screen is lower than that of 
the revolving stand, especially in summer, and the minimum 
temperature higher, whilst the readings of the dry and wet bulb 
thermometers on both the screen and the stand, as taken at 
stated hours, agree very closely together. 

Mr. W. F. Stanley, F. R. Met. Soc., exhibited and described 
his “ Phonometer,” which is really a new form of chronograph 
designed for the purpose of ascertaining the distance of a gun 
from observations of the flash and report of its discharge, by 
the difference of time that light and sound take in reaching the 
observer. The instrument can also be used for measuring the 
distance of lightning by timing the interval between the flash 
and the report of the thunder. 

A paper was also read by Mr. A. B. MacDowall on “Some 
Suggestions Bearing on Weather Prediction.” 


THE MEAN LEVEL oF THE Lakes.— The almost exploded notion 
of seven year cycles in the rise and fall of the mean level of the 
lakes meets with the a complete rebuff when the official records 
are consulted. 

In the St. Mary’s river below the canal locks the water during 
June was but 582.6 feet above sea level, and this stage was the 
lowest recorded by canal officials since 1870, when, as it would 
appear from blue prints furnished by Superintendent Wheeler, 
in charge of the canal, official records were begun at that point. 
This stage is eight inches below the surface elevation in June 
of last year, and more than a foot below normal. 

The record of changes in the water level kept at the office of 
the St. Mary’s Falls Canal forms a most interesting study. The 
canal officials can furnish on an immediate request prints of 
water level curves platted from observations taken on St. Mary’s 
River below the canal locks, and on Lake Superior, above the 
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locks, and showing the stage of water in either case for the past 
21 years. 

The plat shows in a full line the elevation of the surface by 
-months during all these years, while a dotted line shows the 
mean annual curve, as derived for the period given, which is 
obtained by platting the mean of all the January means for each 
January, the mean of all the February means for each February, 
ete. Thus the vertical distance from the dotted line to the full 
line at that point in the plat shows the amount the water was 
above or below its normal height at the time. 

In 1876 the water was at a great height, when during July and 
August the stage was 586 feet above the sea level, or more than 
3 feet above the present surface elevation. A gradual lowering 
of the surface followed, excepting during summer months, from 
1876 to 1879, when the water was almost as low as at present. 
Again in 1885 and 1886 the vessel owners had what were called 
years of good water, but the record during the months of navi- 
gation since 1886 shows at all times a loss of about a foot. The 
highest water was in 1838, and the lowest in 1819, the maximum 
fluctuation amounting to five and one-half feet. From private 
records kept in the Detroit and St. Clair rivers it is found that 
a low level exists, and there is a general expression of surprise 
that the water this year, instead of showing the usual rise after 
the opening of navigation, is still on the decline.— Marine 
Record. 

tAIN CLOUDS AND LiGHTNING,—In a recent article on “The 
Striking Distance of Alternating Electromotive Forces,’ Mr. 
Robert Shand, one of the ablest of the corps of assistants to Pro- 
fessor Elihu Thomson, calls attention to a remark made by Prof. 
Thomson, concerning the electro-motive force of lightning dis- 
charges. Professor Thomson has given considerable attention 
to the subject of auroras, lightning, and other atmospheric phe- 
nomena of an electrical nature, as was evidenced by his recent 
able lecture before the citizens of Swampscott, on the subject of 
thunderstorms, and this remark is, therefore, worthy of more 
than passing consideration. 

Mr. Shand states that he has heard Professor Thomson remark 
(we suppose, during the course of conversation) that the 
“phenomenal values” of the electro-motive force, which are 
usually referred to in connection with lightning discharges, may 
be more fanciful than real. The electro-motive force may break 
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through one layer of the cloud and “act as a sort of electric 
wedge, capable of opening a path for itself, as it were, through 
many hundreds of feet.’ This suggestion is very curious as 
being in its way, confirmatory of Clerk Maxwell’s idea as to the 
action of electro-motive forces through high resisting media. 
Clerk Maxwell, as Mr. Shand has said, likened this action to the 
splitting of wood by a wedge. First one layer of resistance is 
pierced by an electro-motive force, then another layer, perhaps 
of less resistance than the first, then another and so on until, as 
in the cage of wood, the whole resisting medium is pierced. 

It is quite likely also that the conformation of the surface of 
a charged cloud may govern, to a large degree, the value of the 
electro-motive force of a lightning discharge. It has been 
noticed that after a flash of lightning there is frequently a 
sudden increased precipitation of rain. Even when a flash 
occurs during a violent down-pour, the precipitation imme- 
diately succeeding the flash is still more violent, and the rain 
drops are often larger than the average during the storm. If 
we suppose the cloud to project downwards from some part of 
its under surface, so that it presents a point to the earth’s sur- 
face, it is clear that the cloud will be discharged from this point 
rather than from any other, not only because of the shorter dis- 
tance between it and the earth, but also because the cloud does 
present this point. Gravitation acting upon the cloud would 
tend to accumulate the denser parts at its lower portions, and 
the projection thus formed would therefore serve as a compara- 
tively good conductor to the passage of the electricity, which is 
another reason why the discharge would take place, with a 
moderate electro-motive force from this projection. Granting 
that the cloud behaves like a huge condenser consisting of suc- 
cessive layers of dielectric, the electro-motive force, piercing the 
interior or top layer of highest resistance, would find each suc- 
ceeding layer in its downward path of lower and lower resistance, 
and its progress thus becoming easier and easier. 

The characteristic phenomena of rain storms which are 
accompanied by lightning and thunder, are such that we may 
consider the rain clouds as huge, inverted, irregular cones, with 
the densest portions at the apexes. The centers of such storms 
are always the positions of greatest rain-fall, unless when 
affected by such disturbing influences as wind, temperatnre, etc. 
This volume of water precipitated decreases gradually from the 
center outward to the circumferential limits of the storm, where 
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it is zero. There is generally a small area where the precipita- 
tion is very heavy, and all around this area there occurs a much 
lighter fall, the very lightest being at the storm’s edge, which 
assumes the shape of an irregular circle. 

The cloud thus acts as a wedge for entering the air between 
it and the earth. The striking distance is thereby decreased, 
there is a rough sort of point from which the discharge may 
readily take place, and the projection itself forms a compara- 
tively good conductor to the passage of the electric current. If 
the projection were quite sharp (as might easily be the case, 
considering the dimensions of a cloud), and projected down- 
ward a considerable distance from the main body of the cloud, 
there might be a vivid discharge, of comparatively low electro- 
motive force and large current volume. 

The same reasoning applies, though not with equal force, of 
course, to lightning discharges between cloud and cloud. Wind 
could readily cause a projection from one surface of a cloud 
toward another cloud. There would be a lessening of the dis- 
tance between the two, and the formation of a projection, 
conical in shape, from the surface of one or both of them, and 
when the two clouds had approached each other close enough, 
the discharge, of comparatively low electro-motive force, would 
take place. If we consider the lighter portions of a cloud as 
driven more rapidly by the wind than the heavier, these latter, 
by lagging behind the former, would form such a projection, 
and in this case, the projection.would be a comparatively good 
conductor of discharge current. 

It is popularly supposed that the sudden down-pour of rain 
which generally at once follows a heavy lightning flash, is 
caused in some way by the flash itself. Of course, this is known 
not to be the case; and in view of the considerations above pre- 
sented, it is quite possible that the sudden increased precipita- 
tion may be the real cause of the flash at that particular 
moment. By reducing the resistance through the striking 
distance, the increased precipitation offers a path for the dis- 
charge which, without this increased percipitation, it would be 
unable to follow; that is to say, the electro-motive force would 
not be high enough to pierce the dry air, but is high enough to 
follow the path of the multitude of large rain drops. Owing to 
the greater velocity of the light, we see the flash before we see 
the drops, but the latter really start on their journey before the 
former.-—Otis K. Stuart, in Elec. Engineer. 
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ProGrREss IN DyNaAMIC METEOROLOGY.*-—This paper gives an 
abstract of the most important papers on dynamic meteorology, 
or more especifically on the movement of storms and general 
motions of the atmosphere, which had appeared not long before 
the end of 1888. It includes such topics as laboratory experi- 
ments on fluid motion, statistics of storms, theoretical hydro- 
dynamics applied to aerial motions, atmospheric thermody- 
namics, and predictions of storms and weather, and refers to 
such papers as those of Helmholtz, Bezold, Oberbeck, and 
Ferrel. The new science of Meteorology, the theoretical basis 
which will make the new meteorology as different from the old 
as is the present astronomy from the pre-Newtonian, seems to 
be actually forming. Every real meteorologist should endeavor 
to follow closely, if he cannot aid in, the change. The new 
science is profoundly difficult and abstruse, but Professor Abbe’s 
“Account of Recent Progress” affords an easy and simple 
introduction to some of the more important studies in one 
direction. It should be read carefully by those who are not 
thorough mathematicians, and even those who are, will find that 
these abstracts will lighten the difficulties of a first reading of 
some of the papers from which they are drawn. 


OBSERVACIONES AT SAN JosE, Costa Rica.t—This summary 
contains many facts and discussions of interest. San José is 
3,900 feet above the sea. The mean barometer for 1889 was 
25.15 inches, and while the daily range was very regular and 
amounted to 0.17 inches, the absolute non-periodic range was only 
0.35, or about twice as much. The non-periodic motions, small 
as they are, correspond with cyclonic motions over the West In- 
dies and Gulf of Mexico. The lowest protected temperature was 
48°.6 F., and even the terrestrial thermometer fell only to 41°.7. 
The highest temperature (7th of April) was 90°.3. The annual 
mean was 68°.3, and the mean daily range 14°0. The fall of tem- 
perature during the night was only 0°.4 to 0°.6 F. Soil tem- 
peratures are taken at depths of 0.15, 0.30, 0.60, and 1.20 metres. 

The daily sunshine averaged 5 h. 23 m., and the most sunny 
hour is from 8 to 9 a. M., while the hour before sunset gives the 


*An Account of Recent Progress in Dynamic Meteorology, by Cleveland Abbe. 
Washington, 1890, Octovo, 70 pages. Reprint from the Smithsonian Report for 1888 

+ Osbervaciones effectuadas en el afio de 1889. Per H. Pittier, Director del Instituto 
Fisico Geografico Nacional, San Jose de Costa Rica, 1890. Octavo. 41 pages. Reprint 
from the Anales del Instituto. 
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least sunshine. The rainfall averaged least at sunset, most at 
about 5 p.M. The total rainfall was 85 inches; of this only 9 per 
cent. fell in the hours from midnight to noon, the remaining 91 
per cent. from noon to midnight. Twice as much falls from 4 to5 
p. M. as in the entire first half of the day. Only 2 per cent. fell 
in winter, while 44 per cent. fell in Autumn. On the whole, Dr. 
Pittier concludes, from observations for fifteen years, that earth- 
quakes are most frequent with them when the rainfall is heaviest. 


ForEIGN GEOGRAPHIC NamMEs.*—There can be no doubt of the 
great necessity of energetic efforts, on the part of those inter- 
ested, in establishing a uniform system of geographic nomen- 
clature, and we hail with pleasure this introduction to the sub- 
ject. A Board appointed by the Hydrographer was made up as 
follows: Lieut. Chas. M. McCarteney, U. S. N., Mr. Boynton 
Leach and Mr. Gustave Herrle. Subsequently another Board 
on geographic names was appointed by President Harrison, and 
one of the objects of the present report is to lay the labors of 
the Hydrographic Office Board before the National Board. 

The pamphlet before us contains eighty-nine pages and is a 
study of the systems adopted by other nations, as well as replies 
to a circular letter issued by the first mentioned Board to other 
nations, eighteen of whom sent replies. It was found that an 
attempt “to eradicate the existing confusion by the adoption of 
fixed systems of orthography” had been made within the past 
five years by the Hydrographic Offices of Great Britain, France 
and Germany. Copies of these three systems are given in the 
report. The Board says, page thirteen: “ We confidently hope 
that a strict adherence by the British, French and German 
Hydrographic Offices to the systems adopted by them, and a 
strict adherence to the rules which we have the honor to pro- 
pose for the guidance of this Office, will lead from year to year 
to a closer agreement in the rendering of geographic names in 
the nautical publications of the principal nations, and thus pave 
the way toward a much desired international uniformity.” 

There is also given proposed methods of treatment in the case 
of Russian, Greek, Japanese, Korean, Malay, Chinese and Span- 
ish names. We very much hope that the outcome of these 
labors will be the publication of an exhaustive vocabulary of 
geographic names on a uniform system. Hz. 


*Report on uniform system for spelling foreign geographic names. Hydrographic 
oftice, Washington, D. C. 


















ERRATA IN) MOUNTAIN METEOROLOGY. 


August JOURNAL.—DPage 151, seventh line from bottom, for 39,000 


read 30,000. 


September JOURNAL.—Page 1%, top ‘ine, for “decrease” read 
“inerease.” Page 208, lme 28 from top, for 22 read 20.3; same line, for 
NNW read WNW; line 25, omit ‘less’ than.” Page 209, third and 
seventh lines from top, for “ west” read “east.” 


ERRATUM IN ASPIRATION PSYCHROMETER TRANSLATION 


September JOURNAL.—Page 215, ninth line from top, for F read f¢. 
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